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Description

Field

[0001] The presentinvention relates to a recombinant host comprising a recombinant nucleic acid sequence encoding
aUDP-glycosyltransferase (UGT) polypeptide. The invention also relates to a process for the preparation of a glycosylated
diterpene using such a recombinant host and to a fermentation broth which may be the result of such a process. The
invention further relates to a glycosylated diterpene obtained by such a process or obtainable from such a fermentation
broth and to a composition comprising two or more such glycosylated diterpenes. In addition the invention relates to a
foodstuff, feed or beverage which comprises such a glycosylated diterpene or a such composition. The invention also
relates to a method for converting a first glycosylated diterpene into a second glycosylated diterpene using the above-
mentioned recombinant host.

Background

[0002] The leaves of the perennial herb, Stevia rebaudiana Bert., accumulate quantities of intensely sweet compounds
known as steviol glycosides. Whilst the biological function of these compounds is unclear, they have commercial signif-
icance as alternative high potency sweeteners.

[0003] These sweet steviol glycosides have functional and sensory properties that appear to be superior to those of
many high potency sweeteners. In addition, studies suggest that stevioside can reduce blood glucose levels in Type Il
diabetics and can reduce blood pressure in mildly hypertensive patients.

[0004] Steviol glycosides accumulate in Stevia leaves where they may comprise from 10 to 20% of the leaf dry weight.
Stevioside and rebaudioside A are both heat and pH stable and suitable for use in carbonated beverages and many
other foods. Stevioside is between 110 and 270 times sweeter than sucrose, rebaudioside A between 150 and 320 times
sweeter than sucrose. In addition, rebaudioside D is also a high-potency diterpene glycoside sweetener which accumu-
lates in Stevia leaves. It may be about 200 times sweeter than sucrose. Rebaudioside M is a further high-potency
diterpene glycoside sweetener. It is present in trace amounts in certain stevia variety leaves, but has been suggested
to have a superior taste profile.

[0005] Steviol glycosides have traditionally been extracted from the Stevia plant. In Stevia, (-)-kaurenoic acid, an
intermediate in gibberellic acid (GA) biosynthesis, is converted into the tetracyclic diterpene steviol, which then proceeds
through a multi-step glycosylation pathway to form the various steviol glycosides. However, yields may be variable and
affected by agriculture and environmental conditions. Also, Stevia cultivation requires substantial land area, a long time
prior to harvest, intensive labour and additional costs for the extraction and purification of the glycosides.

[0006] More recently, interest has grown in producing steviol glycosides using fermentative processes.
W02013/110673 and W0O2015/007748 describe microorganisms that may be used to produce at least the steviol gly-
cosides rebaudioside A and rebaudioside D.

[0007] Further improvement of such microorganisms is desirable in order that higher amounts of steviol glycosides
may be produced and/or additional or new steviol glycosides and/or higher amounts of specific steviol glycosides and/or
mixtures of steviol glycosides having desired ratios of different steviol glycosides.

Summary

[0008] In Stevia rebaudiana, steviol is synthesized from GGPP, which is formed by the deoxyxylulose 5- phosphate
pathway. The activity of two diterpene cyclases (-)-copalyl diphosphate synthase (CPS) and (-)-kaurene synthase (KS)
results in the formation of (-)-Kaurene which is then oxidized in a three step reaction by (-)-kaurene oxidase (KO) to form
(-)-kaurenoic acid.

[0009] In Stevia rebaudiana leaves, (-)-kaurenoic acid is then hydroxylated, by ent-kaurenoic acid 13-hydroxylase
(KAH) to form steviol. Steviol is then glycosylated by a series of UDP-glycosyltransferases (UGTs)leading to the formation
of a number of steviol glycosides. Specifically, these molecules can be viewed as a steviol molecule, with its carboxyl
hydrogen atom replaced by a glucose molecule to form an ester, and an hydroxyl hydrogen with combinations of glucose
and rhamnose to form an acetal.

[0010] These pathways may be reconstructed in recombinant hosts, for example yeasts such as yeasts of the genera
Saccharomyces and Yarrowia.

[0011] The invention relates to the identification of polypeptides having UDP-glycosyltransferase (UGT), typically
having improved properties in comparison to those that are currently known. These polypeptides may be used to generate
recombinant hosts that produce higher amounts of steviol glycosides and/or additional or new steviol glycosides and/or
higher amounts of specific steviol glycosides and/or mixtures of steviol glycosides having desired ratios of different
steviol glycosides.
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[0012] Thus, the invention also relates to a recombinant host capable of producing a glycosylated diterpene, i.e. a
diterpene glycoside such as a steviol glycoside, for example steviolmonoside, steviolbioside, stevioside, rebaudioside
A, rebaudioside B, rebaudioside C, rebaudioside D, rebaudioside E, rebaudioside F, rebaudioside M, rubusoside, dul-
coside A, steviol-13-monoside, steviol-19-monoside or 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-3-D-
glucopyranosyl-p-D-glucopyranosyl ester steviol-19-diside.

[0013] Accordingly, the invention relates to a recombinant host comprising a recombinant nucleic acid sequence,
typically having UDP-glycosyltransferase (UGT) activity such as UGT2 activity, encoding a polypeptide having:

a. the amino acid sequence setforthin SEQ ID NO: 1 or an amino acid sequence having at least about 30% sequence
identity thereto;

b. the amino acid sequence setforthin SEQ ID NO: 2 or an amino acid sequence having at least about 30% sequence
identity thereto;

c. the amino acid sequence set forth in SEQ ID NO: 3 or an amino acid sequence having at least about 30% sequence
identity thereto; or

d. the amino acid sequence setforthin SEQ ID NO: 4 or an amino acid sequence having at least about 30% sequence
identity thereto.

[0014] The invention also relates to:

- a process for the preparation of a glycosylated diterpene which comprises fermenting a recombinant host of the
invention in a suitable fermentation medium, and optionally recovering the glycosylated diterpene;

- afermentation broth comprising a glycosylated diterpene obtainable by the process of the invention;

- aglycosylated diterpene obtained by such a process or obtainable from such a fermentation broth;

- acomposition comprising two or more such diterpenes;

- afoodstuff, feed or beverage which comprises such a glycosylated diterpene; and

- amethod for converting a first glycosylated diterpene into a second glycosylated diterpene, which method comprises:

- contacting said first glycosylated diterpene with a recombinant host of the invention, a cell free extract derived
from such a recombinant host or an enzyme preparation derived from either thereof;

- thereby to convert the first glycosylated diterpene into the second glycosylated diterpene.

Brief description of the drawings

[0015]

Figure 1 sets out Western blot detection of His-tagged UGTs

Figure 2 sets out Western blot of UGT2_1a and RT18. Lanes 1,2,3,4: 0.5, 1.0, 1.9, 3.8 pg of UGT2_1a crude
enzyme extract. Lane 5 and 6: 31.9 and 63.8 ng RT18 crude enzyme extract.

Figure 3 sets out the effect of the expression of RT18 on the production of RebM

Figure 4 sets out the effect of the expression of RT18 on the production of RebD

Figure 5 sets out a schematic diagram of the potential pathways leading to biosynthesis of steviol glycosides.
Figure 6 sets out a schematic diagram of the potential pathways leading to biosynthesis of steviol glycosides. The
compound shown with an asterisk is 13-[(3-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O--D-glucopyranosyl-
B-D-glucopyranosyl ester.

Description of the sequence listing

[0016] A description of the sequencesis setoutin Table 10. Sequences described herein may be defined with reference
to the sequence listing or with reference to the database accession numbers also set out herein, for example in Table 10.

Detailed description

[0017] Throughout the present specification and the accompanying claims, the words "comprise”, "include" and "hav-
ing" and variations such as "comprises”, "comprising”, "includes" and "including" are to be interpreted inclusively. That
is, these words are intended to convey the possible inclusion of other elements or integers not specifically recited, where
the context allows.

[0018] The articles "a" and "an" are used herein to refer to one or to more than one (i.e. to one or at least one) of the

grammatical object of the article. By way of example, "an element" may mean one element or more than one element.
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[0019] Herein, "rebaudioside" may be shortened to "reb". That is to say, rebaudioside A and reb A, for example, are
intended to indicate the same molecule.

[0020] The term "recombinant" when used in reference to a cell, nucleic acid, protein or vector, indicates that the cell,
nucleic acid, protein or vector, has been modified by the introduction of a heterologous nucleic acid or protein or the
alteration of a native nucleic acid or protein, or that the cell is derived from a cell so modified. Thus, for example,
recombinant cells express genes that are not found within the native (non-recombinant) form of the cell or express native
genes that are otherwise abnormally expressed, under expressed or not expressed at all. The term "recombinant” is
synonymous with "genetically modified".

[0021] The invention concerns polypeptides identified as having UDP-glycosyltransferase (UGT) activity which can
be used in recombinant hosts, typically for the production of diterpene glycosides, such as steviol glycosides.

[0022] For the purposes of this invention, a polypeptide having UGT activity is one which has glycosyltransferase
activity (EC 2.4), i.e. that can act as a catalyst for the transfer of a monosaccharide unit from an activated nucleotide
sugar (also known as the "glycosyl donor") to a glycosyl acceptor molecule, usually an alcohol. The glycosyl donor for
a UGT is typically the nucleotide sugar uridine diphosphate glucose (uracil-diphosphate glucose, UDP-glucose). A
polypeptide suitable for use in a host of the invention typically has UGT activity and a polynucleotide sequence as
described herein typically encodes such a polypeptide. Typically, the polypeptides for use in a host of the invention are
polypeptides having UGT2-type activity.

[0023] The invention thus provides a recombinant host comprising a recombinant nucleic acid sequence encoding a
polypeptide comprising:

a. the amino acid sequence setforthin SEQ ID NO: 1 or an amino acid sequence having at least about 30% sequence
identity thereto;

b. the amino acid sequence setforthin SEQ ID NO: 2 or an amino acid sequence having at least about 30% sequence
identity thereto;

c. the amino acid sequence set forth in SEQ ID NO: 3 or an amino acid sequence having at least about 30% sequence
identity thereto; or

d. the amino acid sequence setforthin SEQ ID NO: 4 or an amino acid sequence having at least about 30% sequence
identity thereto.

[0024] The polypeptide encoded by the recombinant nucleic acid sequence typically has UGT activity, such as UGT2
activity. A recombinant host of the invention is typically capable of producing a glycosylated diterpene, for example a
steviol glycoside.

[0025] A polypeptide encoded by a recombinant nucleic acid present in a recombinant host of the invention may
comprise an amino acid sequence having at least about 35%, at least about 40%, at least about 50%, at least about
60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about,
86%, at least about 87%, at least about 88%, at least about 89%, at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98% or at least about 99% sequence identity to any one of SEQ ID NOs: 1, 2, 3 or 4.

[0026] Thus, the invention relates to:

- arecombinant host comprising a recombinant nucleic acid sequence encoding a polypeptide, typically having UGT
activity, which comprises an amino acid sequence having at least about 35%, at least about 40%, at least about
50%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about, 86%, at least about 87%, at least about 88%, at least about 89%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98% or at least about 99% sequence identity to SEQ ID NO: 1;

- arecombinant host comprising a recombinant nucleic acid sequence encoding a polypeptide, typically having UGT
activity, which comprises an amino acid sequence having at least about 35%, at least about 40%, at least about
50%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about, 86%, at least about 87%, at least about 88%, at least about 89%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98% or at least about 99% sequence identity to SEQ ID NO: 2;

- arecombinant host comprising a recombinant nucleic acid sequence encoding a polypeptide, typically having UGT
activity, which comprises an amino acid sequence having at least about 35%, at least about 40%, at least about
50%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about, 86%, at least about 87%, at least about 88%, at least about 89%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98% or at least about 99% sequence identity to SEQ ID NO: 3;
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- arecombinant host comprising a recombinant nucleic acid sequence encoding a polypeptide, typically having UGT
activity, which comprises an amino acid sequence having at least about 35%, at least about 40%, at least about
50%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about, 86%, at least about 87%, at least about 88%, at least about 89%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98% or at least about 99% sequence identity to SEQ ID NO: 4.

[0027] As used herein, the term "polypeptide" refers to a molecule comprising amino acid residues linked by peptide
bonds and containing more than five amino acid residues. The amino acids are identified by either the single-letter or
three-letter designations. The term "protein" as used herein is synonymous with the term "polypeptide" and may also
refer to two or more polypeptides. Thus, the terms "protein”, "peptide" and "polypeptide" can be used interchangeably.
Polypeptides may optionally be modified (e.g., glycosylated, phosphorylated, acylated, farnesylated, prenylated, sul-
fonated, and the like) to add functionality. Polypeptides exhibiting activity may be referred to as enzymes. It will be
understood that, as a result of the degeneracy of the genetic code, a multitude of nucleotide sequences encoding a
given polypeptide may be produced.

[0028] The term "nucleic acid sequence" (or ""polynucleotide") as used in the present invention refers to a nucleotide
polymer including at least 5 nucleotide units. A nucleic acid refers to a ribonucleotide polymer (RNA), deoxynucleotide
polymer (DNA) or a modified form of either type of nucleic acid or synthetic form thereof or mixed polymers of any of
the above. Nucleic acids may include either or both naturally-occurring and modified nucleic acids linked together by
naturally-occurring and/or non-naturally occurring nucleic acid linkages. The nucleic acid molecules may be modified
chemically or biochemically or may contain non-natural or derivatized nucleic acid bases, as will be readily appreciated
by those of skill in the art. Such modifications include, for example, labels, methylation, substitution of one or more of
the naturally occurring nucleic acids with an analog, internucleotide modifications such as uncharged linkages (e.g.,
methyl phosphonates, phosphotriesters, phosphoramidates, carbamates, etc.), charged linkages (e.g., phosphorothio-
ates, phosphorodithioates, etc.), pendent moieties (e.g., polypeptides), intercalators (e.g., acridine, psoralen, etc.), che-
lators, alkylators, and modified linkages (e.g., alpha anomeric nucleic acids, etc.) The term nucleic acid is also intended
to include any topological conformation, including single-stranded (sense strand and antisense strand), double-stranded,
partially duplexed, triplex, hairpinned, circular and padlocked conformations. Also included are synthetic molecules that
mimic nucleic acids in their ability to bind to a designated sequence via hydrogen bonding and other chemical interactions.
Such molecules are known in the art and include, for example, those in which peptide linkages substitute for phosphate
linkages in the backbone of the molecule. A reference to a nucleic acid sequence encompasses its complement unless
otherwise specified. Thus, a reference to a nucleic acid molecule having a particular sequence should be understood
to encompass its complementary strand, with its complementary sequence. The complementary strand is also useful,
e.g., for antisense therapy, hybridization  probes and PCR  primers. The term "nucleic
acid", "polynucleotide" and "polynucleotide sequence" can be used interchangeably herein. A polypeptide encoded by
a recombinant nucleic acid for use in a recombinant host of the invention may comprise a signal peptide and/or a
propeptide sequence. In the event that a polypeptide comprises a signal peptide and/or a propeptide, sequence identity
may be calculated over the mature polypeptide sequence.

[0029] The polypeptide typically has UGT activity and more preferably has UGT2 activity. Figures 5 and 6 illustrate a
non-exhaustive list of reactions that may be catalyzed by a polypeptide having UGT2 activity.

[0030] A polypeptide having UGT2 activity is one which may function as a uridine 5’-diphospho glucosyl: steviol- 13-
O-glucoside transferase (also referred to as a steviol-13- monoglucoside 1,2-glucosylase), transferring a glucose moiety
to the C-2’ of the 13- O-glucose of the acceptor molecule, steviol- 13-O-glucoside. Typically, a suitable UGT2 polypeptide
may also function as a uridine 5’-diphospho glucosyl: rubusoside transferase transferring a glucose moiety to the C-2’
of the 13-0-glucose of the acceptor molecule, rubusoside. That is to say be capable of converting steviol-13-monoside
to steviolbioside and/or capable of converting rubusoside to stevioside.

[0031] A polypeptide having UGT2 activity may also or alternatively catalyze reactions that utilize steviol glycoside
substrates other than steviol- 13-O-glucoside and rubusoside, e.g., a functional UGT2 polypeptide may utilize stevioside
as a substrate, transferring a glucose moiety to the C-2’ of the 19-O-glucose residue to produce rebaudioside E. A
functional UGT2 polypeptide may also or alternatively utilize rebaudioside A as a substrate, transferring a glucose moiety
to the C-2’ of the 19-O-glucose residue to produce rebaudioside D.

[0032] A polypeptide having UGT2 activity may also catalyze reactions that utilize steviol-19-glucoside or rubusoside
as a substrate, e.g., a functional UGT2 polypeptide may utilize steviol-19-glucoside or rubusoside as a substrate, trans-
ferring a glucose moiety to the 19 position to produce steviol-19-2side or 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-
oic acid 2-O-B-D-glucopyranosyl-B-D-glucopyranosyl ester respectively.

[0033] However, a functional UGT2 polypeptide typically does not transfer a glucose moiety to steviol compounds
having a 1,3-bound glucose at the C- 13 position, i.e., transfer of a glucose moiety to steviol 1,3-bioside and 1,3-stevioside
typically does not occur.



10

15

20

25

30

35

40

45

50

55

EP 3 988 653 A2

[0034] A polypeptide having UGT2 activity may also or alternatively transfer sugar moieties from donors other than
uridine diphosphate glucose. For example, a polypeptide having UGT2 activity act as a uridine 5’-diphospho D-xylosy!:
steviol- 13 -O-glucoside transferase, transferring a xylose moiety to the C-2’ of the 13-O-glucose of the acceptor molecule,
steviol- 13 -O-glucoside. As another example, a polypeptide having UGT2 activity may act as a uridine 5'-diphospho L-
rhamnosyl: steviol- 13-O-glucoside transferase, transferring a rhamnose moiety to the C-2’ of the 13-O-glucose of the
acceptor molecule, steviol.

[0035] One or more of the above-described activities may be used to define a polypeptide having UGT2 activity
encoded by a recombinant nucleic acid sequence for use in a recombinant host of the invention. Such a polypeptide
may have improved UGT2 activity in respect of one or more of the above-described activities in comparison with the
UGT2_1a polypeptide (SEQ ID NO: 6).

[0036] A polynucleotide encoding a polypeptide for use in a recombinant host of the invention may be used to steer
production of steviol glycosides in a recombinant cell to a desired steviol glycoside, such as rebaudioside A, rebaudioside
D orrebaudioside M. For example, a UGT2 polypeptide which preferentially catalyzes conversion of steviol-13-monoside
to steviolbioside and/or conversion of rubusoside to stevioside may help to steer production towards rebaudioside A,
whereas a UGT2 polypeptide which preferentially catalyzes conversion of stevioside to reb E or rubusoside to acompound
with an additional sugar at the 19 position may help to steer production towards rebaudioside M. That is to say preference
for addition of a sugar moiety at the 13 position may help steer production towards rebaudioside A, whereas preference
for addition of a sugar moiety at the 19 position may help steer production towards rebaudioside M.

[0037] A recombinant nucleic acid sequence for use in a recombinant host of the invention may be provided in the
form of a nucleic acid construct. The term "nucleic acid construct” refers to as a nucleic acid molecule, either single-or
double-stranded, which is isolated from a naturally occurring gene or which has been modified to contain segments of
nucleic acid which are combined and juxtaposed in a manner which would not otherwise exist in nature. The term nucleic
acid construct is synonymous with the term "expression cassette" when the nucleic acid construct contains all the control
sequences required for expression of a coding sequence, wherein said control sequences are operably linked to said
coding sequence.

[0038] A recombinant nucleic acid sequence for use in a recombinant host of the invention may be provided in the
form of an expression vector, wherein the polynucleotide sequence is operably linked to at least one control sequence
for the expression of the polynucleotide sequence in a recombinant host cell.

[0039] The term "operably linked" as used herein refers to two or more nucleic acid sequence elements that are
physically linked and are in a functional relationship with each other. For instance, a promoter is operably linked to a
coding sequence if the promoter is able to initiate or regulate the transcription or expression of a coding sequence, in
which case the coding sequence should be understood as being "under the control of" the promoter. Generally, when
two nucleic acid sequences are operably linked, they will be in the same orientation and usually also in the same reading
frame. They usually will be essentially contiguous, although this may not be required.

[0040] An expression vector comprises a polynucleotide coding for a polypeptide as described herein, operably linked
to the appropriate control sequences (such as a promoter, and transcriptional and translational stop signals) for expression
and/or translation in vitro, or in the host cell of the polynucleotide.

[0041] The expression vector may be any vector (e.g., a plasmid or virus), which can be conveniently subjected to
recombinant DNA procedures and can bring about the expression of the polynucleotide. The choice of the vector will
typically depend on the compatibility of the vector with the cell into which the vector is to be introduced. The vectors may
be linear or closed circular plasmids. The vector may be an autonomously replicating vector, i.e., a vector, which exists
as an extra-chromosomal entity, the replication of which is independent of chromosomal replication, e.g., a plasmid, an
extra-chromosomal element, a mini-chromosome, or an artificial chromosome.

[0042] Alternatively, the vector may be one which, when introduced into the host cell, is integrated into the genome
and replicated together with the chromosome(s) into which it has been integrated. The integrative cloning vector may
integrate at random or at a predetermined target locus in the chromosomes of the host cell. A vector may comprise one
or more selectable markers, which permit easy selection of transformed cells.

[0043] Standard genetic techniques, such as overexpression of enzymes in the host cells, as well as for additional
genetic modification of host cells, are known methods in the art, such as described in Sambrook and Russel (2001)
"Molecular Cloning: A Laboratory Manual (3rd edition), Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, or F. Ausubel et al, eds., "Current protocols in molecular biology", Green Publishing and Wiley Interscience, New
York (1987). Methods for transformation and genetic modification of fungal host cells are known from e.g. EP-A-0 635
574, WO 98/46772, WO 99/60102 and WO 00/37671.

[0044] Arecombinanthostofthe invention may comprise any polypeptide as described herein. Typically, a recombinant
host of the invention is capable of producing a glycosylated diterpene, such as a steviol glycoside. For example, a
recombinant host of the invention may be capable of producing one or more of, for example, steviol-13-monoside, steviol-
19-monoside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-p-D-glucopyranosyl ester,
rubusoside, stevioside, steviol-19-diside, steviolbioside, reb A, reb E, reb D or reb M.
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[0045] Thus, a recombinant host of the invention will typically comprise polynucleotides encoding polypeptides having
UGT1, UGT2, UGT2 and UGT4 activity and polypeptides which provide for the production of steviol in the host (which
may then be converted to one or more steviol glycosides).

[0046] One polynucleotide may encode more than one of such polypeptides. One polynucleotide may encode a
polypeptide having more than one of the activities UGT1, UGT2, UGT3 or UGT4 or the activity of a polypeptide providing
for production of steviol in the host. Accordingly, a recombinant host according to the invention may comprise one or
more recombinant nucleotide sequence(s) encoding one of more of:

a polypeptide having ent-copalyl pyrophosphate synthase activity;
a polypeptide having ent-Kaurene synthase activity;

a polypeptide having ent-Kaurene oxidase activity; and

a polypeptide having kaurenoic acid 13-hydroxylase activity.

[0047] A recombinant host may comprise one or more recombinant polynucleotide sequences encoding all four such
polypeptides.

[0048] For the purposes of this invention, a polypeptide having ent-copalyl pyrophosphate synthase (EC 5.5.1.13) is
capable of catalyzing the chemical reaction:

% \/Lv”\,/g\\/\/i\/ 2 g
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[0049] This enzyme has one substrate, geranylgeranyl pyrophosphate, and one product, ent-copalyl pyrophosphate.
This enzyme participates in gibberellin biosynthesis. This enzyme belongs to the family of isomerase, specifically the
class of intramolecular lyases. The systematic name of this enzyme class is ent-copalyl-diphosphate lyase (decyclizing).
Other names in common use include having ent-copalyl pyrophosphate synthase, ent-kaurene synthase A, and ent-kau-
rene synthetase A.

[0050] Suitable nucleic acid sequences encoding an ent-copalyl pyrophosphate synthase may for instance comprise
a sequence as set outin SEQ ID. NO: 1, 3, 5,7, 17, 19, 59, 61, 141, 142, 151, 152, 153, 154, 159, 160, 182 or 184 of
WO2015/007748.

[0051] Forthe purposes ofthis invention, a polypeptide having ent-kaurene synthase activity (EC 4.2.3.19)is a polypep-
tide that is capable of catalyzing the chemical reaction:

ent-copalyl diphosphate 2ent-kaurene + diphosphate

[0052] Hence, this enzyme has one substrate, ent-copalyl diphosphate, and two products, ent-kaurene and diphos-
phate.

[0053] This enzyme belongs to the family of lyases, specifically those carbon-oxygen lyases acting on phosphates.
The systematic name of this enzyme class is ent-copalyl-diphosphate diphosphate-lyase (cyclizing, ent-kaurene-form-
ing). Other names in common use include ent-kaurene synthase B, ent-kaurene synthetase B, ent-copalyl-diphosphate
diphosphate-lyase, and (cyclizing). This enzyme participates in diterpenoid biosynthesis.

[0054] Suitable nucleic acid sequences encoding an ent-Kaurene synthase may for instance comprise a sequence
as set out in SEQ ID. NO: 9, 11, 13, 15, 17, 19, 63, 65, 143, 144, 155, 156, 157, 158, 159, 160, 183 or 184 of
WO2015/007748.

[0055] ent-copalyl diphosphate synthases may also have a distinct ent-kaurene synthase activity associated with the
same protein molecule. The reaction catalyzed by ent-kaurene synthase is the next step in the biosynthetic pathway to
gibberellins. The two types of enzymic activity are distinct, and site-directed mutagenesis to suppress the ent-kaurene
synthase activity of the protein leads to build up of ent-copalyl pyrophosphate.

[0056] Accordingly, asingle nucleotide sequence used in arecombinant host of the invention may encode a polypeptide
having ent-copalyl pyrophosphate synthase activity and ent-kaurene synthase activity. Alternatively, the two activities
may be encoded two distinct, separate nucleotide sequences.

[0057] For the purposes of this invention, a polypeptide having ent-kaurene oxidase activity (EC 1.14.13.78) is a
polypeptide which is capable of catalysing three successive oxidations of the 4-methyl group of ent-kaurene to give
kaurenoic acid. Such activity typically requires the presence of a cytochrome P450.

[0058] Suitable nucleic acid sequences encoding an ent-Kaurene oxidase may for instance comprise a sequence as
set out in SEQ ID. NO: 21, 23, 25, 67, 85, 145, 161, 162, 163, 180 or 186 of WO2015/007748.

[0059] For the purposes of the invention, a polypeptide having kaurenoic acid 13-hydroxylase activity (EC 1.14.13) is
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one which is capable of catalyzing the formation of steviol (ent-kaur-16-en-13-ol-19-oic acid) using NADPH and O,.
Such activity may also be referred to as ent-ka 13-hydroxylase activity.

[0060] Suitable nucleic acid sequences encoding a kaurenoic acid 13-hydroxylase may for instance comprise a se-
quence as setoutin SEQID.NO: 27, 29, 31, 33, 69, 89, 91, 93, 95, 97, 146, 164, 165, 166, 167 or 185 of WO2015/007748.
[0061] Arecombinanthostof the invention may comprise a recombinant nucleic acid sequence encoding a polypeptide
having NADPH-cytochrome p450 reductase activity. That is to say, a recombinant host of the invention may be capable
of expressing a nucleotide sequence encoding a polypeptide having NADPH-cytochrome p450 reductase activity. For
the purposes of the invention, a polypeptide having NADPH-Cytochrome P450 reductase activity (EC 1.6.2.4; also known
as NADPH:ferrihemoprotein oxidoreductase, NADPH:hemoprotein oxidoreductase, NADPH:P450 oxidoreductase,
P450 reductase, POR, CPR, CYPOR) is typically one which is a membrane-bound enzyme allowing electron transfer
to cytochrome P450 in the microsome of the eukaryotic cell from a FAD- and FMN-containing enzyme NADPH:cytochrome
P450 reductase (POR; EC 1.6.2.4).

[0062] A recombinant host of the invention may comprise one or more recombinant nucleic acid sequences encoding
one or more UGT polypeptides, in addition to RT7, RT11, RT15 or RT18 or related sequences as described herein.
Such additional UGTs may be selected so as to produce a desired diterpene glycoside, such as a steviol glycoside.
Schematic diagrams of steviol glycoside formation are set out in Humphrey et al., Plant Molecular Biology (2006) 61:
47-62 and Mohamed et al., J. Plant Physiology 168 (2011) 1136-1141. In addition, Figures 5 and 6 sets out a schematic
diagram of steviol glycoside formation.

[0063] A recombinant host of the invention may thus comprise one or more recombinant nucleic acid sequences
encoding one or more of:

(i) a polypeptide having UGT74G1 activity (UGT3 activity);
(i) a polypeptide having UGT85C2 activity (UGT1 activity); and
(iii) a polypeptide having UGT76G1 activity (UGT4 activity).

[0064] Figures5and 6 setoutschematic diagram of the potential pathways leading to biosynthesis of steviol glycosides.
[0065] A recombinant host of the invention will typically comprise at least one recombinant nucleic acid encoding a
polypeptide having UGT1 activity, at least one recombinant nucleic acid encoding a polypeptide having UGT2 activity,
at least one recombinant nucleic acid encoding a polypeptide having UGT3 activity and at least one recombinant nucleic
acid encoding a polypeptide having UGT4 activity. One nucleic acid may encode two or more of such polypeptides.
[0066] A recombinant host of the invention typically comprises polynucleotides expressing at least one of each of a
UGT1, UGT2, UGT3 and UGT4 polypeptide and a polypeptide having ent-copalyl pyrophosphate synthase activity, a
polypeptide having ent-Kaurene synthase activity, a polypeptide having ent-Kaurene oxidase activity and a polypeptide
having kaurenoic acid 13-hydroxylase activity. In such arecombinant host, all polynucleotides encoding such polypeptides
may be recombinant.

[0067] A nucleic acid encoding a polypeptide as described herein may be used to steer production of steviol glycosides
in a recombinant cell to a desired steviol glycoside, such as rebaudioside A, rebaudioside D or rebaudioside M. For
example, a recombinant nucleic acid which encodes a UGT2 polypeptide which preferentially catalyzes conversion of
steviol-13-monoside to steviolbioside and/or conversion of rubusoside to stevioside may help to steer production towards
rebaudioside A, whereas a recombinant nucleic acid which encodes a UGT2 polypeptide which preferentially catalyzes
conversion of stevioside to reb E or rubusoside to a compound with an additional sugar at the 19 position may help to
steer production towards rebaudioside M. That is to say preference for addition of a sugar moiety at the 13 position may
help steer production towards rebaudioside A, whereas preference for addition of a sugar moiety at the 19 position may
help steer production towards rebaudioside M. A recombinant host of the invention may comprises a nucleotide sequence
encoding a polypeptide capable of catalyzing the addition of a C-13-glucose to steviol. That is to say, a recombinant
host of the invention may comprise a UGT which is capable of catalyzing a reaction in which steviol is converted to
steviolmonoside.

[0068] Such a recombinant host of the invention may comprise a nucleotide sequence encoding a polypeptide having
the activity shown by UDP-glycosyltransferase (UGT) UGT85C2, whereby the nucleotide sequence upon transformation
of the host confers on that host the ability to convert steviol to steviolmonoside.

[0069] UGT85C2 activity is transfer of a glucose unit to the 13-OH of steviol. Thus, a suitable UGT85C2 may function
as auridine 5’-diphospho glucosyl: steviol 13-OH transferase, and a uridine 5’-diphospho glucosyl: steviol- 19-O-glucoside
13-OH transferase. A functional UGT85C2 polypeptides may also catalyze glucosyl transferase reactions that utilize
steviol glycoside substrates other than steviol and steviol- 19-O-glucoside. Such sequences may be referred to as UGT1
sequences herein.

[0070] A recombinant host of the invention may comprises a nucleotide sequence encoding a polypeptide having UGT
activity may comprise a nucleotide sequence encoding a polypeptide capable of catalyzing the addition of a C-19-glucose
to steviolbioside and/or to rebaudioside B. That is to say, a recombinant host of the invention may comprise a UGT
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which is capable of catalyzing a reaction in which steviolbioside is converted to stevioside and/or in which rebaudioside
B is converted to rebaudioside A. Accordingly, such a recombinant host may be capable of converting steviolbioside to
stevioside and/or rebaudioside B is converted to rebaudioside A. Expression of such a nucleotide sequence may confer
on the recombinant host the ability to produce at least stevioside and/or rebaudioside A.

[0071] A recombinant host of the invention may thus also comprise a nucleotide sequence encoding a polypeptide
having the activity shown by UDP-glycosyltransferase (UGT) UGT74G1, whereby the nucleotide sequence upon trans-
formation of the host confers on the cell the ability to convert steviolbioside to stevioside.

[0072] Suitable UGT74G1 polypeptides may be capable of transferring a glucose unit to the 13-OH or the 19-COOH,
respectively, of steviol. A suitable UGT74G1 polypeptide may function as a uridine 5’-diphospho glucosyl: steviol 19-
COOH transferase and a uridine 5’-diphospho glucosyl: steviol- 13-O-glucoside 19-COOH transferase. Functional
UGT74G1 polypeptides also may catalyze glycosyl transferase reactions that utilize steviol glycoside substrates other
than steviol and steviol- 13-0-glucoside, or that transfer sugar moieties from donors other than uridine diphosphate
glucose. Such sequences may be referred to herein as UGT3 sequences.

[0073] A recombinant host of the invention may comprise a nucleotide sequence encoding a polypeptide capable of
catalyzing glucosylation of the C-3’ of the glucose at the C-13 position of stevioside. That is to say, a recombinant host
of the invention may comprise a UGT which is capable of catalyzing a reaction in which stevioside is converted to
rebaudioside A. Accordingly, such a recombinant host may be capable of converting stevioside to rebaudioside A.
Expression of such a nucleotide sequence may confer on the host the ability to produce at least rebaudioside A.
[0074] A recombinant host of the invention may thus also comprise a nucleotide sequence encoding a polypeptide
having the activity shown by UDP-glycosyltransferase (UGT) UGT76G1, whereby the nucleotide sequence upon trans-
formation of a host confers on that host the ability to convert stevioside to rebaudioside A and/or steviolbioside to
rebaudioside B.

[0075] A suitable UGT76G1 adds a glucose moiety to the C-3’ of the C-13-O-glucose of the acceptor molecule, a
steviol 1,2 glycoside. Thus, UGT76G1 functions, for example, as a uridine 5’-diphospho glucosyl: steviol 13-0-1,2 glu-
coside C-3’ glucosyltransferase and a uridine 5’-diphospho glucosyl: steviol- 19-O-glucose, 13-0-1,2 bioside C-3’glucosyl
transferase. Functional UGT76G1 polypeptides may also catalyze glucosyl transferase reactions that utilize steviol
glycoside substrates that contain sugars other than glucose, e.g., steviol rhamnosides and steviol xylosides. Such
sequences may be referred to herein as UGT4 sequences. A UGT4 may alternatively or in addition be capable of
converting Reb D to Reb M.

[0076] A recombinant host of the invention typically comprises nucleotide sequences encoding polypeptides having
all four UGT activities described above. A given nucleic acid may encode a polypeptide having one or more of the above
activities. For example, a nucleic acid encode for a polypeptide which has two, three or four of the activities set out
above. Preferably, a recombinant host of the invention comprises UGT1, UGT2 and UGT3 and UGT4 activity. Suitable
UGT1, UGT3 and UGT4 sequences are described in in Table 1 of WO2015/007748.

[0077] Arecombinant host of the invention may comprise a recombinant nucleic acid sequence encoding an additional
polypeptide having UGT2 activity. That is to say, a recombinant host of the invention may comprise a nucleic acid
sequence encoding a variant UGT2 of the invention and one or more additional, different, variant of the invention or any
another, different, UGT2.

[0078] Use of a nucleic acid sequence encoding a RT7, RT11, RT15 or RT18 polypeptide (or related polypeptide as
described herein) may be useful in improving reb A production in a recombinant host of the invention.

[0079] Use of a nucleic acid sequence encoding a RT7, RT11, RT15 or RT18 polypeptide (or related polypeptide as
described herein) may be useful in improving reb M production in a recombinant host of the invention.

[0080] In a recombinant host of the invention, the ability of the host to produce geranylgeranyl diphosphate (GGPP)
may be upregulated. Upregulated in the context of this invention implies that the recombinant host produces more GGPP
than an equivalent non-recombinant host.

[0081] Accordingly, a recombinant host of the invention may comprise one or more nucleotide sequence(s) encoding
hydroxymethylglutaryl-CoA reductase, farnesyl-pyrophosphate synthetase and geranylgeranyl diphosphate synthase,
whereby the nucleotide sequence(s) upon transformation of a host confer(s) on that host the ability to produce elevated
levels of GGPP. Thus, a recombinant host according to the invention may comprise one or more recombinant nucleic
acid sequence(s) encoding one or more of hydroxymethylglutaryl-CoA reductase, farnesyl-pyrophosphate synthetase
and geranylgeranyl diphosphate synthase.

[0082] Accordingly, arecombinant host of the invention may comprise nucleic acid sequences encoding one or more of:

a polypeptide having hydroxymethylglutaryl-CoA reductase activity;
a polypeptide having farnesyl-pyrophosphate synthetase activity;
a polypeptide having geranylgeranyl diphosphate synthase activity.

[0083] A recombinant host of the invention may be, for example, an multicellular organism or a cell thereof or a



10

15

20

25

30

35

40

45

50

55

EP 3 988 653 A2

unicellular organism. A host of the invention may be a prokaryotic, archaebacterial or eukaryotic host cell.

[0084] A prokaryotic host cell may, but is not limited to, a bacterial host cell. An eukaryotic host cell may be, but is not
limited to, a yeast, a fungus, an amoeba, an algae, an animal, an insect or a plant host cell.

[0085] An eukaryotic host cell may be a fungal host cell. "Fungi" include all species of the subdivision Eumycotina
(Alexopoulos, C. J., 1962, In: Introductory Mycology, John Wiley & Sons, Inc., New York). The term fungus thus includes
among others filamentous fungi and yeast.

[0086] "Filamentous fungi" are herein defined as eukaryotic microorganisms that include all filamentous forms of the
subdivision Eumycotina and Oomycota (as defined by Hawksworth et al., 1995, supra). The filamentous fungi are
characterized by a mycelial wall composed of chitin, cellulose, glucan, chitosan, mannan, and other complex polysac-
charides. Vegetative growth is by hyphal elongation and carbon catabolism is obligatory aerobic. Filamentous fungal
strains include, but are not limited to, strains of Acremonium, Aspergillus, Agaricus, Aureobasidium, Cryptococcus,
Corynascus, Chrysosporium, Filibasidium, Fusarium, Humicola, Magnaporthe, Monascus, Mucor, Myceliophthora, Mor-
tierella, Neocallimastix, Neurospora, Paecilomyces, Penicillium, Piromyces, Phanerochaete Podospora, Pycnoporus,
Rhizopus, Schizophyllum, Sordaria, Talaromyces, Rasmsonia, Thermoascus, Thielavia, Tolypocladium, Trametes and
Trichoderma. Preferred filamentous fungal strains that may serve as host cells belong to the species Aspergillus niger,
Aspergillus oryzae, Aspergillus fumigatus, Penicillium chrysogenum, Penicillium citrinum, Acremonium chrysogenum,
Trichoderma reesei, Rasamsonia emersonii (formerly known as Talaromyces emersonii), Aspergillus sojae, Chrysospo-
rium lucknowense, Myceliophtora thermophyla. Reference host cells for the comparison of fermentation characteristics
of transformed and untransformed cells, include e.g. Aspergillus niger CBS120.49, CBS 513.88, Aspergillus oryzae
ATCC16868, ATCC 20423, IFO 4177, ATCC 1011, ATCC 9576, ATCC14488-14491, ATCC 11601, ATCC12892, As-
pergillus fumigatus AF293 (CBS101355), P. chrysogenum CBS 455.95, Penicillium citrinum ATCC 38065, Penicillium
chrysogenum P2, Acremonium chrysogenum ATCC 36225, ATCC 48272, Trichoderma reesei ATCC 26921, ATCC
56765, ATCC 26921, Aspergillus sojae ATCC11906, Chrysosporium lucknowense ATCC44006 and derivatives of all
of these strains. Particularly preferred as filamentous fungal host cell are Aspergillus niger CBS 513.88 and derivatives
thereof.

[0087] An eukaryotic host cell may be a yeast cell. Preferred yeast host cells may be selected from the genera:
Saccharomyces (e.g., S. cerevisiae, S. bayanus, S. pastorianus, S. carlsbergensis), Brettanomyces, Kluyveromyces,
Candida (e.g., C. krusei, C. revkaufi, C. pulcherrima, C. tropicalis, C. utilis), Issatchenkia (eg. I. orientalis) Pichia (e.g.,
P. pastoris), Schizosaccharomyces, Hansenula, Kloeckera, Pachysolen, Schwanniomyces, Trichosporon, Yarrowia
(e.g., Y. lipolytica (formerly classified as Candida lipolytica)), Yamadazyma.

[0088] Prokaryotic host cells may be bacterial host cells. Bacterial host cell may be Gram negative or Gram positive
bacteria. Examples of bacteria include, but are not limited to, bacteria belonging to the genus Bacillus (e.g., B. subtilis,
B. amyloliquefaciens, B. licheniformis, B. puntis, B. megaterium, B. halodurans, B. pumilus,), Acinetobacter, Nocardia,
Xanthobacter, Escherichia (e.g., E. coli (e.g., strains DH 1 OB, Stbl2, DH5-alpha, DB3, DB3.1), DB4, DB5, JDP682 and
ccdA-over (e.g., U.S. application No. 09/518,188))), Streptomyces, Erwinia, Klebsiella, Serratia (e.g., S. marcessans),
Pseudomonas (e.g., P. aeruginosa), Salmonella (e.g., S. typhimurium, S. typhi). Bacteria also include, but are not limited
to, photosynthetic bacteria (e.g., green non-sulfur bacteria (e.g., Choroflexus bacteria (e.g., C. aurantiacus), Chloronema
(e.g., C. gigateum)), green sulfur bacteria (e.g., Chlorobium bacteria (e.g., C. limicola), Pelodictyon (e.g., P. luteolum),
purple sulfur bacteria (e.g., Chromatium (e.g., C. okenii)), and purple non-sulfur bacteria (e.g., Rhodospirillum (e.g., R.
rubrum), Rhodobacter (e.g. R. sphaeroides, R. capsulatus), and Rhodomicrobium bacteria (e.g., R. vanellii)).

[0089] Host cells may be host cells from non-microbial organisms. Examples of such cells, include, but are not limited
to, insectcells (e.g., Drosophila (e.g., D. melanogaster), Spodoptera (e.g., S. frugiperda Sf9 or Sf21 cells) and Trichoplusa
(e.g., High-Five cells); nematode cells (e.g., C. elegans cells); avian cells; amphibian cells (e.g., Xenopus laevis cells);
reptilian cells; and mammalian cells (e.g., NIH3T3, 293, CHO, COS, VERO, C127, BHK, Per-C6, Bowes melanoma and
Hela cells).

[0090] A recombinant host according to the present invention may be able to grow on any suitable carbon source
known in the art and convert it to a glycosylated diterpene, eg. a steviol glycoside. The recombinant host may be able
to convert directly plant biomass, celluloses, hemicelluloses, pectines, rhamnose, galactose, fucose, maltose, malto-
dextrines, ribose, ribulose, or starch, starch derivatives, sucrose, lactose and glycerol. Hence, a preferred host expresses
enzymes such as cellulases (endocellulases and exocellulases) and hemicellulases (e.g. endo- and exo-xylanases,
arabinases) necessary for the conversion of cellulose into glucose monomers and hemicellulose into xylose and arabinose
monomers, pectinases able to convert pectines into glucuronic acid and galacturonic acid or amylases to convert starch
into glucose monomers. Preferably, the host is able to convert a carbon source selected from the group consisting of
glucose, xylose, arabinose, sucrose, lactose and glycerol. The host cell may for instance be a eukaryotic host cell as
described in WO03/062430, WO06/009434, EP1499708B1, W0O2006096130 or WO04/099381.

[0091] Thus, in a further aspect, the invention also provides a process for the preparation of a glycosylated diterpene
which comprises fermenting a recombinant host of the invention which is capable of producing at least one glycosylated
diterpene in a suitable fermentation medium, and optionally recovering the glycosylated diterpene.
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[0092] The fermentation medium used in the process for the production of a glycosylated diterpene may be any suitable
fermentation medium which allows growth of a particular eukaryotic host cell. The essential elements of the fermentation
medium are known to the person skilled in the art and may be adapted to the host cell selected.

[0093] Preferably, the fermentation medium comprises a carbon source selected from the group consisting of plant
biomass, celluloses, hemicelluloses, pectines, rhamnose, galactose, fucose, fructose, maltose, maltodextrines, ribose,
ribulose, or starch, starch derivatives, sucrose, lactose, fatty acids, triglycerides and glycerol. Preferably, the fermentation
medium also comprises a nitrogen source such as ureum, or an ammonium salt such as ammonium sulphate, ammonium
chloride, ammoniumnitrate or ammonium phosphate.

[0094] Thefermentation process according to the presentinvention may be carried out in batch, fed-batch or continuous
mode. A separate hydrolysis and fermentation (SHF) process or a simultaneous saccharification and fermentation (SSF)
process may also be applied. A combination of these fermentation process modes may also be possible for optimal
productivity. A SSF process may be particularly attractive if starch, cellulose, hemicelluose or pectin is used as a carbon
source in the fermentation process, where it may be necessary to add hydrolytic enzymes, such as cellulases, hemicel-
lulases or pectinases to hydrolyse the substrate.

[0095] The recombinant host used in the process for the preparation of a glycosylated diterpene may be any suitable
recombinant host as defined herein above. It may be advantageous to use a recombinant eukaryotic recombinant host
according to the invention in the process since most eukaryotic cells do not require sterile conditions for propagation
and are insensitive to bacteriophage infections. In addition, eukaryotic host cells may be grown at low pH to prevent
bacterial contamination.

[0096] The recombinant host according to the present invention may be a facultative anaerobic microorganism. A
facultative anaerobic recombinant host can be propagated aerobically to a high cell concentration. This anaerobic phase
can then be carried out at high cell density which reduces the fermentation volume required substantially, and may
minimize the risk of contamination with aerobic microorganisms.

[0097] The fermentation process for the production of a glycosylated diterpene according to the present invention may
be an aerobic or an anaerobic fermentation process.

[0098] An anaerobic fermentation process may be herein defined as a fermentation process run in the absence of
oxygen or in which substantially no oxygen is consumed, preferably less than 5, 2.5 or 1 mmol/L/h, and wherein organic
molecules serve as both electron donor and electron acceptors. The fermentation process according to the present
invention may also first be run under aerobic conditions and subsequently under anaerobic conditions.

[0099] The fermentation process may also be run under oxygen-limited, or micro-aerobical, conditions. Alternatively,
the fermentation process may first be run under aerobic conditions and subsequently under oxygen-limited conditions.
An oxygen-limited fermentation process is a process in which the oxygen consumption is limited by the oxygen transfer
from the gas to the liquid. The degree of oxygen limitation is determined by the amount and composition of the ingoing
gasflow as well as the actual mixing/mass transfer properties of the fermentation equipment used.

[0100] The production of a glycosylated diterpene in the process according to the present invention may occur during
the growth phase of the host cell, during the stationary (steady state) phase or during both phases. It may be possible
to run the fermentation process at different temperatures.

[0101] The process for the production of a glycosylated diterpene may be run at a temperature which is optimal for
the recombinant host. The optimum growth temperature may differ for each transformed recombinant host and is known
to the person skilled in the art. The optimum temperature might be higher than optimal for wild type organisms to grow
the organism efficiently under non-sterile conditions under minimal infection sensitivity and lowest cooling cost. Alter-
natively, the process may be carried out at a temperature which is not optimal for growth of the recombinant host.
[0102] The process for the production of a glycosylated diterpene according to the present invention may be carried
out at any suitable pH value. If the recombinant host is a yeast, the pH in the fermentation medium preferably has a
value of below 6, preferably below 5,5, preferably below 5, preferably below 4,5, preferably below 4, preferably below
pH 3,5 or below pH 3,0, or below pH 2,5, preferably above pH 2. An advantage of carrying out the fermentation at these
low pH values is that growth of contaminant bacteria in the fermentation medium may be prevented.

[0103] Such a process may be carried out on an industrial scale. The product of such a process is one or more
glycosylated diterpenes, such as one or more steviol glycosides.

[0104] Recovery of glycosylated diterpene(s) from the fermentation medium may be performed by known methods in
the art, for instance by distillation, vacuum extraction, solvent extraction, or evaporation.

[0105] In the process for the production of a glycosylated diterpene according to the invention, it may be possible to
achieve a concentration of above 5 mg/l fermentation broth, preferably above 10 mg/l, preferably above 20 mg/l, preferably
above 30 mg/l fermentation broth, preferably above 40 mg/l, more preferably above 50 mg/l, preferably above 60 mg/l,
preferably above 70, preferably above 80 mg/l, preferably above 100 mg/l, preferably above 1 g/l, preferably above 5
g/l, preferably above 10 g/l, for example above 20g/l, but usually up to a concentration of about 200g/l, such as up to
about 150g/l, such as up to about 100g/l, for example up to about 70 g/l. Such concentrations may be concentration of
the total broth or of the supernatant..
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[0106] The invention further provides a fermentation broth comprising a glycosylated diterpene obtainable by the
process of the invention for the preparation of a glycosylated diterpene.

[0107] In the event that one or more glycosylated diterpenes is expressed within a recombinant host of the invention,
such cells may need to be treated so as to release them. Preferentially, at least one glycosylated diterpene, such as a
steviol glycoside, for example rebA or rebM, is produced extracellularly

[0108] The invention also provides a glycosylated diterpene obtained by a process according to the invention for the
preparation of a glycosylated diterpene or obtainable from a fermentation broth of the invention. Such a glycosylated
diterpene may be a non- naturally occurring glycosylated diterpene, that is to say one which is not produced in plants.
[0109] Also provided is a composition comprising one or more steviol glycosides obtainable by process for the prep-
aration of a glycosylated diterpene or obtainable from a fermentation broth of the invention. Such a composition may
comprise two or more glycosylated diterpenes obtainable by a process of the invention for the preparation of a glycosylated
diterpene or obtainable from a fermentation broth of the invention. In such a composition, one or more of the glycosylated
diterpenes may be a non-naturally occurring glycosylated diterpene, that is to say one which is not produced in plants.
[0110] Furthermore, the invention provides a method for converting a first glycosylated diterpene into a second glyc-
osylated diterpene, which method comprises:

- contacting said first glycosylated diterpene with a recombinant host of the invention, a cell free extract derived from
such a recombinant host or an enzyme preparation derived from either thereof;
- thereby to convert the first glycosylated diterpene into the second glycosylated diterpene.

[0111] Insuchamethod, the second glycosylated diterpene may be steviol-19-diside, steviolbioside, stevioside, 13-[(B-
D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-p-D-glucopyranosyl ester, Reb E or Reb D.
[0112] In such a method, the first glycosylated diterpene may be steviol-13-monoside, steviol-19-monoside, rubuso-
side, stevioside, rebaudioside A or 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-p-D-glucopyranosyl-3-D-
glucopyranosyl ester and the second glycosylated diterpene is steviol-19-diside, steviolbioside, stevioside, 13-[(B-D-
Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-f-D-glucopyranosyl-p-D-glucopyranosyl! ester, Reb E or Reb D.
[0113] These are the first and second steviol glycosides in relation to a reaction catalysed by a polypeptide described
herein having UGT2 activity.

[0114] Thatis to say, the invention relates to a method of bioconversion or biotransformation.

[0115] A steviol glycoside or composition produced by the fermentation process according to the present invention
may be used in any application known for such compounds. In particular, they may for instance be used as a sweetener,
for example in a food or a beverage. According to the invention therefore, there is provided a foodstuff, feed or beverage
which comprises a glycosylated diterpene, such as a steviol glycoside, or a composition of the invention.

[0116] For example a glycosylated diterpene or a composition of the invention may be formulated in soft drinks, as a
tabletop sweetener, chewing gum, dairy product such as yoghurt (e.g. plain yoghurt), cake, cereal or cereal-based food,
nutraceutical, pharmaceutical, edible gel, confectionery product, cosmetic, toothpastes or other oral cavity composition,
etc. In addition, a glycosylated diterpene or a composition of the invention can be used as a sweetener not only for
drinks, foodstuffs, and other products dedicated for human consumption, but also in animal feed and fodder with improved
characteristics.

[0117] Accordingly, the invention provides, inter alia, a foodstuff, feed or beverage which comprises a diterpene or
glycosylated diterpene prepared according to a process of the invention.

[0118] During the manufacturing of foodstuffs, drinks, pharmaceuticals, cosmetics, table top products, chewing gum
the conventional methods such as mixing, kneading, dissolution, pickling, permeation, percolation, sprinkling, atomizing,
infusing and other methods can be used.

[0119] The glycosylated diterpene, for example a steviol glycoside, or a composition of the invention can be used in
dry or liquid forms. It can be added before or after heat treatment of food products. The amount of the sweetener depends
on the purpose of usage. It can be added alone or in the combination with other compounds.

[0120] Compounds produced according to the method of the invention may be blended with one or more further non-
caloric or caloric sweeteners. Such blending may be used to improve flavour or temporal profile or stability. A wide range
of both non-caloric and caloric sweeteners may be suitable for blending with a glycosylated diterpene or a composition
of the invention. For example, non-caloric sweeteners such as mogroside, monatin, aspartame, acesulfame salts, cy-
clamate, sucralose, saccharin salts or erythritol. Caloric sweeteners suitable for blending with a glycosylated diterpene
or a composition of the invention include sugar alcohols and carbohydrates such as sucrose, glucose, fructose and
HFCS. Sweet tasting amino acids such as glycine, alanine or serine may also be used.

[0121] A glycosylated diterpene or a composition of the invention can be used in the combination with a sweetener
suppressor, such as a natural sweetener suppressor. It may be combined with an umami taste enhancer, such as an
amino acid or a salt thereof.

[0122] A glycosylated diterpene or a composition of the invention can be combined with a polyol or sugar alcohol, a
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carbohydrate, a physiologically active substance or functional ingredient (for example a carotenoid, dietary fiber, fatty
acid, saponin, antioxidant, nutraceutical, flavonoid, isothiocyanate, phenol, plant sterol or stanol (phytosterols and phy-
tostanols), a polyols, a prebiotic, a probiotic, a phytoestrogen, soy protein, sulfides/thiols, amino acids, a protein, a
vitamin, a mineral, and/or a substance classified based on a health benefits, such as cardiovascular, cholesterol-reducing
or anti-inflammatory.

[0123] A composition with a glycosylated diterpene or a composition of the invention may include a flavoring agent,
an aroma component, a nucleotide, an organic acid, an organic acid salt, an inorganic acid, a bitter compound, a protein
or protein hydrolyzate, a surfactant, a flavonoid, an astringent compound, a vitamin, a dietary fiber, an antioxidant, a
fatty acid and/or a salt.

[0124] A glycosylated diterpene or a composition of the invention may be applied as a high intensity sweetener to
produce zero calorie, reduced calorie or diabetic beverages and food products with improved taste characteristics. Also
it can be used in drinks, foodstuffs, pharmaceuticals, and other products in which sugar cannot be used.

[0125] In addition, a glycosylated diterpene or a composition of the invention may be used as a sweetener not only
for drinks, foodstuffs, and other products dedicated for human consumption, but also in animal feed and fodder with
improved characteristics.

[0126] The examples of products where a glycosylated diterpene or a composition of the invention can be used as a
sweetening compound can be as alcoholic beverages such as vodka, wine, beer, liquor, sake, etc.; natural juices,
refreshing drinks, carbonated soft drinks, diet drinks, zero calorie drinks, reduced calorie drinks and foods, yogurt drinks,
instant juices, instant coffee, powdered types of instant beverages, canned products, syrups, fermented soybean paste,
SOy sauce, vinegar, dressings, mayonnaise, ketchups, curry, soup, instant bouillon, powdered soy sauce, powdered
vinegar, types of biscuits, rice biscuit, crackers, bread, chocolates, caramel, candy, chewing gum, jelly, pudding, pre-
served fruits and vegetables, fresh cream, jam, marmalade, flower paste, powdered milk, ice cream, sorbet, vegetables
and fruits packed in bottles, canned and boiled beans, meat and foods boiled in sweetened sauce, agricultural vegetable
food products, seafood, ham, sausage, fish ham, fish sausage, fish paste, deep fried fish products, dried seafood
products, frozen food products, preserved seaweed, preserved meat, tobacco, medicinal products, and many others.
In principal it can have unlimited applications.

[0127] The sweetened composition comprises a beverage, non-limiting examples of which include non-carbonated
and carbonated beverages such as colas, ginger ales, root beers, ciders, fruit-flavored soft drinks (e.g., citrus-flavored
soft drinks such as lemon-lime or orange), powdered soft drinks, and the like; fruit juices originating in fruits or vegetables,
fruit juices including squeezed juices or the like, fruit juices containing fruit particles, fruit beverages, fruit juice beverages,
beverages containing fruit juices, beverages with fruit flavorings, vegetable juices, juices containing vegetables, and
mixed juices containing fruits and vegetables; sport drinks, energy drinks, near water and the like drinks (e.g., water
with natural or synthetic flavorants); tea type or favorite type beverages such as coffee, cocoa, black tea, green tea,
oolong tea and the like; beverages containing milk components such as milk beverages, coffee containing milk compo-
nents, cafe au lait, milk tea, fruit milk beverages, drinkable yogurt, lactic acid bacteria beverages or the like; and dairy
products.

[0128] Generally, the amount of sweetener present in a sweetened composition varies widely depending on the par-
ticular type of sweetened composition and its desired sweetness. Those of ordinary skill in the art can readily discern
the appropriate amount of sweetener to put in the sweetened composition.

[0129] A glycosylated diterpene or a composition of the invention can be used in dry or liquid forms. It can be added
before or after heat treatment of food products. The amount of the sweetener depends on the purpose of usage. It can
be added alone or in the combination with other compounds.

[0130] During the manufacturing of foodstuffs, drinks, pharmaceuticals, cosmetics, table top products, chewing gum
the conventional methods such as mixing, kneading, dissolution, pickling, permeation, percolation, sprinkling, atomizing,
infusing and other methods can be used.

[0131] Thus, compositions of the present invention can be made by any method known to those skilled in the art that
provide homogenous even or homogeneous mixtures of the ingredients. These methods include dry blending, spray
drying, agglomeration, wet granulation, compaction, co-crystallization and the like.

[0132] In solid form a glycosylated diterpene or a composition of the invention can be provided to consumers in any
form suitable for delivery into the comestible to be sweetened, including sachets, packets, bulk bags or boxes, cubes,
tablets, mists, or dissolvable strips. The composition can be delivered as a unit dose or in bulk form.

[0133] Forliquid sweetener systems and compositions convenient ranges of fluid, semi-fluid, paste and cream forms,
appropriate packing using appropriate packing material in any shape or form shall be invented which is convenient to
carry or dispense or store or transport any combination containing any of the above sweetener products or combination
of product produced above.

[0134] The composition may include various bulking agents, functional ingredients, colorants, flavors.

[0135] The terms "sequence homology" or "sequence identity" or "homology" or "identity" are used interchangeably
herein. For the purpose of this invention, it is defined here that in order to determine the percentage of sequence homology
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or sequence identity of two amino acid sequences or of two nucleic acid sequences, the sequences are aligned for
optimal comparison purposes. In order to optimize the alignment between the two sequences gaps may be introduced
in any of the two sequences that are compared. Such alignment can be carried out over the full length of the sequences
being compared. Alternatively, the alignment may be carried out over a shorter length, for example over about 20, about
50, about 100 or more nucleic acids/based or amino acids. The sequence identity is the percentage of identical matches
between the two sequences over the reported aligned region.

[0136] A comparison of sequences and determination of percentage of sequence identity between two sequences
can be accomplished using a mathematical algorithm. The skilled person will be aware of the fact that several different
computer programs are available to align two sequences and determine the identity between two sequences (Kruskal,
J. B. (1983) An overview of sequence comparison In D. Sankoff and J. B. Kruskal, (ed.), Time warps, string edits and
macromolecules: the theory and practice of sequence comparison, pp. 1-44 Addison Wesley). The percent sequence
identity between two amino acid sequences or between two nucleotide sequences may be determined using the Needle-
man and Wunsch algorithm for the alignment of two sequences. (Needleman, S. B. and Wunsch, C. D. (1970) J. Mol.
Biol. 48, 443-453). Both amino acid sequences and nucleotide sequences can be aligned by the algorithm. The Needle-
man-Wunsch algorithm has been implemented in the computer program NEEDLE. For the purpose of this invention the
NEEDLE program from the EMBOSS package was used (version 2.8.0 or higher, EMBOSS: The European Molecular
Biology Open Software Suite (2000) Rice,P. Longden, |. and Bleasby,A. Trends in Genetics 16, (6) pp276-277, http://em-
boss.bioinformatics.nl/). For protein sequences EBLOSUMG62 is used for the substitution matrix. For nucleotide sequence,
EDNAFULL is used. The optional parameters used are a gap-open penalty of 10 and a gap extension penalty of 0.5.
The skilled person will appreciate that all these different parameters will yield slightly different results but that the overall
percentage identity of two sequences is not significantly altered when using different algorithms.

[0137] After alignment by the program NEEDLE as described above the percentage of sequence identity between a
query sequence and a sequence of the invention is calculated as follows: Number of corresponding positions in the
alignment showing an identical amino acid or identical nucleotide in both sequences divided by the total length of the
alignment after subtraction of the total number of gaps in the alignment. The identity defined as herein can be obtained
from NEEDLE by using the NOBRIEF option and is labeled in the output of the program as "longest-identity".

[0138] The nucleic acid and protein sequences of the present invention can further be used as a "query sequence" to
perform a search against public databases to, for example, identify other family members or related sequences. Such
searches can be performed using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol.
Biol. 215:403-10. BLAST nucleotide searches can be performed with the NBLAST program, score = 100, wordlength =
12 to obtain nucleotide sequences homologous to nucleic acid molecules as described herein. BLAST protein searches
can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences homologous
to protein molecules as described herein. To obtain gapped alignments for comparison purposes, Gapped BLAST can
be utilized as described in Altschul et al., (1997) Nucleic Acids Res. 25(17): 3389-3402. When utilizing BLAST and
Gapped BLAST programs, the default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used.
See the homepage of the National Center for Biotechnology Information at http://www.ncbi.nim.nih.gov/.

[0139] Embodiments of the invention:

1. A recombinant host comprising a recombinant nucleic acid sequence encoding a polypeptide having:

a. the amino acid sequence set forth in SEQ ID NO: 4 or an amino acid sequence having at least about 30%
sequence identity thereto;

b. the amino acid sequence set forth in SEQ ID NO: 2 or an amino acid sequence having at least about 30%
sequence identity thereto;

c. the amino acid sequence set forth in SEQ ID NO: 3 or an amino acid sequence having at least about 30%
sequence identity thereto; or

d. the amino acid sequence set forth in SEQ ID NO: 1 or an amino acid sequence having at least about 30%
sequence identity thereto.

2. A recombinant host according to embodiment 1 which is capable of producing a glycosylated diterpene, such as
a steviol glycoside.

3. A recombinant host according to embodiment 1 or 2 which comprises one or more recombinant nucleotide
sequence(s) encoding:

a polypeptide having ent-copalyl pyrophosphate synthase activity;

a polypeptide having ent-Kaurene synthase activity;
a polypeptide having ent-Kaurene oxidase activity; and
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a polypeptide having kaurenoic acid 13-hydroxylase activity.

4. A recombinant host according to any one of the preceding embodiments, which comprises a recombinant nucleic
acid sequence encoding a polypeptide having NADPH-cytochrome p450 reductase activity.

5. A recombinant host according to any one of the preceding embodiments which comprises a recombinant nucleic
acid sequence encoding one or more of:

(i) a polypeptide having UGT74G1 activity (UGT3 activity);
(i) a polypeptide having UGT85C2 activity (UGT1 activity); and
(iii) a polypeptide having UGT76G1 activity (UGT4 activity).

6. A recombinant host according to any one of the preceding embodiments which comprises a recombinant nucleic
acid sequence encoding an additional polypeptide having UGT2 activity.

7. A recombinant host according to any one of the preceding embodiments, wherein the host belongs to one of the
genera Saccharomyces, Aspergillus, Pichia, Kluyveromyces, Candida, Hansenula, Humicola, Issatchenkia, Trichos-
poron, Brettanomyces, Pachysolen, Yarrowia, Yamadazyma or Escherichia.

8. A recombinant host according to embodiment 7, wherein the recombinant host is a Saccharomyces cerevisiae
cell, a Yarrowia lipolytica cell, a Candida krusei cell, an Issatchenkia orientalis or an Escherichia coli cell.

9. A recombinant host according to any one of the preceding embodiments, wherein the ability of the host to produce
geranylgeranyl diphosphate (GGPP) is upregulated.

10. A recombinant host according to any one of the preceding embodiments, comprising one or more recombinant
nucleic acid sequence(s) encoding hydroxymethylglutaryl-CoA reductase, farnesyl-pyrophosphate synthetase and
geranylgeranyl diphosphate synthase.

11. Arecombinant hostaccording to any one of the preceding embodiments which comprises a nucleic acid sequence
encoding one or more of:

a polypeptide having hydroxymethylglutaryl-CoA reductase activity;
a polypeptide having farnesyl-pyrophosphate synthetase activity;
a polypeptide having geranylgeranyl diphosphate synthase activity.

12. A process for the preparation of a glycosylated diterpene which comprises fermenting a recombinant host
according to any one of embodiments 2 to 11 in a suitable fermentation medium, and optionally recovering the

glycosylated diterpene.

13. A process according to embodiment 12 for the preparation of a glycosylated diterpene, wherein the process is
carried out on an industrial scale.

14. A fermentation broth comprising a glycosylated diterpene obtainable by the process according to embodiment
12 or 13.

15. A glycosylated diterpene obtained by a process according to embodiment 12 or 13 or obtainable from a fermen-
tation broth according to embodiment 14.

16. A composition comprising two or more glycosylated diterpenes obtained by a process according to embodiment
12 or 13 or obtainable from a fermentation broth according to embodiment 14.

17. A foodstuff, feed or beverage which comprises a glycosylated diterpene according to embodiment 15 or a
composition according to embodiment 16.

18. A method for converting a first glycosylated diterpene into a second glycosylated diterpene, which method
comprises:
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- contacting said first glycosylated diterpene with a recombinant host according to any one of embodiments 1 to
11, acell free extract derived from such a recombinant host or an enzyme preparation derived from either thereof;
- thereby to convert the first glycosylated diterpene into the second glycosylated diterpene.

19. A method according to embodiment 18, wherein the second glycosylated diterpene is: steviol-19-diside, stevi-
olbioside, stevioside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-B3-D-glucop-
yranosyl ester, Reb E or Reb D.

20. A method according to embodiment 19, wherein the first glycosylated diterpene is steviol-13-monoside, steviol-
19-monoside, rubusoside, stevioside, Rebaudioside A or 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-
B-D-glucopyranosyl-p-D-glucopyranosyl ester and the second glycosylated diterpene is steviol-19-diside, steviolbi-
oside, stevioside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-f-D-glucopyrano-
syl ester, Reb E or Reb D.

[0140] A reference herein to a patent document or other matter which is given as prior art is not to be taken as an
admission that that document or matter was known or that the information it contains was part of the common general
knowledge as at the priority date of any of the claims.

[0141] The disclosure of each reference set forth herein is incorporated herein by reference in its entirety.

[0142] The present invention is further illustrated by the following Examples:

EXAMPLES

Example 1: Construction of E. coli expression vectors

[0143] The full length open reading frame encoding UGTs from Solanum Ilycopersicon were amplified from S. lycop-
ersicon cDNA. 1 pg of total RNA isolated from tomato fruit was used as starting material to prepare cDNA using the
SMART™ RACE cDNA Amplification Kit (Clontech), according to the manufacturer’s instructions.

[0144] For amplification Phusion "proofreading polymerase" (Finnzymes) and the primers mentioned in Table 1 were
used.
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[0145] The amplified fragment and vector pACYC-DUET1 (Novagen) were digested with the restriction enzymes
BamHI and Pstl for the tomato UGT fragments or BamHI| and Hindlll for UGT2_1a and UGT85C2, followed by purification
of the required DNA fragments, their subsequent ligation and finally transformation into E. coli XL-1 blue using standard
procedures. Recombinant bacteria were selected on LB plates containing 50 g /mL chloramphenicol. After ON growth
of recombinant colonies in liquid culture (3 mL LB broth with 50 g /mL chloramphenicol, 250 rpm, 37°C), plasmid DNA
was isolated using the Qiaprep Spin Miniprep kit (Qiagen). Isolated plasmid material was checked by Sanger sequencing
with vector primers.

[0146] This cloning strategy led to constructs from which the UGTs can be expressed with an N-terminal Hisg-tag

Example 2: Synthesis of Steviolmonoside by UGT85C2

[0147] To prepare Steviolmonoside enzymatically from Steviol (Sigma U4625) and UDP-glucose (Sigma 4625), the
following compounds were mixed in a total reaction volume of 4 ml. For preparation of a crude enzyme extract of
UGT85C2 see Example 3.

wl
100 mM 2-mercaptoethanol in 0.1 M Tris-buffer | 160
100 mM UDP-glucose in 10% DMSO 800
100 mM Steviol in 100% DMSO 40
Crude enzyme extract UGT85C2 400

[0148] The glycosylation reaction was performed overnight at 30 °C and 100 rpm.

Subsequently the reaction was purified using an Oasis hydrophiliclipophilic-Balanced (HLB) 3 cc extraction cartridge
(Waters), which had been preconditioned according to the manufacturer’s instructions. The enzymatic reaction was
loaded on the HLB column, and allowed to enter the column by gravity flow. Subsequently the column was washed with
6 mL of water. Product was eluted by passing 3 ml of 100% methanol over the column. The methanol elute was dried
under vacuum centrifugation and the pellet dissolved in 80 wl DMSO. This resulted in a 50 mM steviolmonoside prep-
aration.

Example 3: In vitro comparison of different tomato UGTs and Stevia UGT2 1a

[0149] The control plasmid pACYC-DUET-1 and the UGT constructs were transformed to E. coliBL21 DE3 (Invitrogen).
For expression, a 3 mL overnight culture of the recombinant E. coli strains was prepared (LB medium with appropriate
antibiotic; 50 ug chloramphenicol / mL and 1% glucose). 200 p.L of that culture was transferred to 20 mL of LB medium
with the appropriate antibiotic in a 100 mL Erlenmeijer flask, and incubated at 37°C, 250 rpm until the A600 was 0.4 to
0.6. Subsequently IPTG was added to a final concentration of 1 mM and cultures were incubated overnight at 18°C and
250 rpm. The next day, cells were harvested by centrifugation (10 min 8000xg), medium was removed, and cells were
resuspended in 1 mL Resuspension buffer (100 mM Tris-HCI pH = 7.5, 1.4 mM 2-mercaptoethanol; 4°C, 15% glycerol).
Cells were disrupted by two times shaking with 200 mg 0.1 mm Zirconia/Silica Beads (BioSpec) for 10 seconds in a
FastPrep FP120 machine (Savant) at speed 6.5 . Insoluble particles were subsequently removed by centrifugation (10
min 13,000xg, 4°C). The resulting supernatants were referred to as crude enzyme extracts.

Example 4: Glucosylation of Steviolmonoside and RebaudiosideA by UGTs

[0150] For enzyme assays, a mix of total 50 pl was made in a 2 ml eppendorf tube:

0.1 M Tris in 2% DMSO 37.5pl

100 mM 2-mercaptoethanol in 0.1M tris 2 pl
100 mM UDP-glucose in 10%DMSO 5l
50 mM Steviolmonoside in 100%DMSO | 0.5 pl

Crude UGT enzyme extract 5 pl

18



10

15

20

25

30

35

40

45

50

55

EP 3 988 653 A2
[0151] The tubes were incubated overnight at 30 °C and 100 rpm.
[0152] For assays with Rebaudiosise-A (Reb A), Steviolmonoside was replaced by 0.5 pl 50mM Reb A (ChromDex
ASB-00018225) in 50% DMSO.

Example 5: LC-MS analyses

[0153] An LC-PDA-QTOF-MS system was used to analyse reaction products. After incubation, the in vitro enzyme
assay mix (50 wnl) was stopped by addition of 150 pl of 100% methanol in MQ water acidified with 0.13% formic acid.
Samples were sonicated for 15 min, centrifuged at 2500 rpm for 10 min and filtered through 0.45um filters (Minisart
SRP4, Biotech GmbH, Germany). For chromatographic separation, a Luna C18(2) pre-column (2.0 x 4 mm) and an
analytical column (2.0 x 150 mm, 100A, particle size 3um) from Phenomenex (Torrance, CA, USA) were used. Five
microliters of each filtered sample were injected into the system for LC-PDA-MS analysis using formic acid : water
(1:1000, v/v; eluent A) and formic acid : acetonitrile (1:1000, v/v; eluent B) as elution solvents. Flow was set at 0.19
mL/min with the gradient from 80% eluent A and 20% eluent B to 45% Eluent A and 55% eluent B across a period of
45 min. The column temperature was maintained at 40°C and the samples at 20°C. UV absorbance was measured
using a Waters 2996 PDA (A range from 240 to 600 nm) and ESI-MS analysis was performed using a QTOF Ultima
V4.00.00 mass spectrometer (Waters-Corporation, MS technologies) in negative mode. A collision energy of 10 eV was
used for full-scan LC-MS in the m/z range 100 to 1,500. Leucine enkephalin ([M - H]- = 554.2620), was used for online
mass calibration (lock mass).

[0154] Compounds were identified by their retention time and their apparent mass and compared to standard stevio-
sides present in the Rebaudioside-A Impurities Mix-6 (Cerilliant S-017) (Table 2).

Table 2: Retention time and masses of steviosides in the Rebaudioside-A Impurities Mix-6

[0155]

Rt (min) m/z
Reb D 12.95 1127.47
Reb A 18.76 965.42
Stevioside 18.94 803.37
Rubusoside 22.84 803.37
Reb B 25.15 641.31
Steviolbioside 25.58 641.31
Steviol 44.73 317.21

predominantly steviolbioside. Other RTs produce preferentially other steviolglycosides (Table 3).

The results of the in vitro tests are given in Table 3 and 4. To semi-quantify the produced compounds of the in
vitro assays, the peak surface area for each relevant peak was measured from the total ion count chromatograms.
Clearly, UGT2_1a was able to produce steviolbioside (Rt = 25.6) from Steviolmonoside. UGT RT18 also produces

Table 3: Products detected by LC-MS after in vitro reaction of Steviolmonoside with different UGT enzymes. As

substrate, Steviolmonoside (Rt=30.4 min; m/z 959 =[2M-H]) was used. Shown are peak surface area in the LC-MS

chromatograms. Rt: retention time in minutes. Steviolbioside is detected at 25.6 min.

m/z=1011 m/z=407 m/z = 803 m/z = 803 m/z = 641 m/z = 641 m/z = 641
Rt=14.0 Rt=19.0 Rt=20.7 Rt=20.8 Rt=24.8 Rt=25.6 Rt=26.3

blanc 2

UGT2_1a 23 11532

RT18 153 4408

RT15 540 5841 8467 1

RT11 3 10110 16229 2163

RT7 163 7764 1788

[0156] When testing Reb A as a substrate, it was clear that RT18 showed a relatively strong formation of Reb D
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(Rt=12.9 min) from Reb A, in comparison with UGT2_1 a, while the other UGTs preferentially produce different Reb A-
glycosides (Table 4).

Table 4: Products detected by LC-MS after in vitro reaction of Reb A with different UGT enzymes. As substrate, Reb
A (Rt=18.74 min; m/z 1011 =[M-H + formicacid]) was used. Shown are peak surface areain the LC-MS chromatograms.
Rt: retention time in minutes. Reb D is detected at Rt=12.9 min.

m/z=565 m/z=1127 m/z=1127 m/z=1127 m/z=1127 m/z=1127
Rt=12.6 Rt=12.9 Rt=14.1 Rt=14.25 Rt=14.9 Rt=17.4

Blanc 6 12

UGT2_1a 1037 16

RT18 98 3596 494

RT15 376 8946 234

RT11 33 7684 159

RT7 1212 2169 31

[0157] Thus, RT18 can form steviolbioside from steviolmonoside, and Reb D from Reb A.

Example 6: UGT protein content in crude-enzyme extracts

[0158] We observed that the activity for the formation of steviolbioside of the RT18 crude enzyme extract was 2-3 fold
lower compared to UGT2_1 a. To be able to compare the two enzymes for the activity per enzyme molecule in the crude
extracts, we analysed the total protein content of the crude enzyme extracts.

[0159] First, the extracts were compared for protein content using Protein Dye Reagent concentrate (BIO-RAD
500-0006), according to the manufacturer’s instructions, using lyophilized Bovine Serum Albumine BioRad 500-0007)
as a standard. Based on this it was observed that UGT2_1 a crude extract contained twice as much protein as the RT18
crude extract (Table 5).

Table 5: Total protein content of crude enzyme extracts. Protein concentration is given in

pg/pl
Total protein (ng/pl)
pACYC-DUET-1 3.35
UGT2_1a 5.08
RT18 2.66
RT15 3.63
RT11 3.33
RT7 2.06

[0160] Subsequently, to compare the enzyme concentrations in the crude extracts, a western blot experiment was
performed. 50 pg of total protein was brought in 50 ul Sample buffer (20 mM Tris pH 6.8, 6% glycerol, 0.4% SDS, 20
mM Dithiothreitol, 0.01% Bromophenol Blue) and boiled for 5 minutes. Subsequently 10 ul sample (= 10 n.g total protein)
was loaded on a 12.5 % poly-acryl amide gel with SDS and run for 2 hours at 20 mA. Proteins were transferred from
the gel onto nitrocellulose membrane (BIO-RAD) in standard blotting buffer (3 g/L Tris, 14.4 g/L glycine, 10% ethanol)
for 1 hour (100 V). The nitrocellulose was subsequently washed with TBST buffer (20 mM Tris-Cl buffer pH 7.5, 150
mM NaCl, 0.05% Tween 20) for 5 minutes, and blocked with TBST buffer with 2% non-fat dry milk powder (ELK) for 1
hour. The presence of enzyme was detected by incubation for 1 hour with TBST with 2% ELK and 1:4000 diluted antiHis
monoclonal antibody conjugated to peroxidase (Sigma, St Louis, A7058). After washing four times five minutes with
TBST, the peroxidase was detected by the TMB Liquid substrate system for membranes (Sigma T0565). A purple colour
was detected at the position where His-tagged proteins (here: UGTs) were present on the blot. When all five crude
enzyme extracts were compared in this way (Fig. 1) it was clear that UGT2_1a was expressed to well-detectable levels,
while RT18 protein could not be detected. The other UGTs (RT15, RT11,RT7) were also detected, to different intensities.
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[0161] To compare the UGT content in the crude enzyme extracts of RT18 and UGT2_1a, another western blot was
made. For UGT2_1a, 0.5, 1.0, 1.9, 3.8 g protein was loaded, while for RT18, 31.9 and 63.8 n.g was loaded. Detection
of UGTs was performed as described above. The blot (Fig. 2) showed that the amount of His-tagged UGT protein was
the same in 1.9 pg UGT2_1a extract and 63.8 ng RT18, as estimated by visual inspection. This indicated that the
concentration of UGT protein in the RT18 crude extract was 20-50 fold lower than in the UGT2_1a crude extract. Thus,
the activity of RT18, as recorded in Tables 3 and 4, is more than 10-fold higher than UGT2_1a when using steviolmonoside
as a substrate, and more than 50-fold higher when using Reb A as a substrate.

Example 7: MSMS analysis

[0162] To provide more evidence that the products of UGT2_1a and RT18 with steviolmonoside as a substrate were
identical, the steviolbioside product of RT18 was further compared to the steviolbioside product from UGT2_1a and the
steviol-diglucoside product from RT11 by tandem mass spectrometry analysis (LC-MSZ2). The methanol extracts from
the RT18 and UGT2_1a enzyme assays were injected in an Accela HPLC-PDA (Thermo) coupled to a LTQ lon Trap-
Orbitrap FTMS hybrid mass spectrometer (Thermo) system was used. Data-directed MSMS was performed using the
same LC conditions as described for LC-QTOF MS analysis (see above), and using negative ionization mode, with an
Isolation Width of 3.00 Dalton and a Normalized Collission Energy of 35.0. Retention times of steviolglucosides differed
slightly from the analysis on the LC-QTOF MS system (see above, Table 3).

[0163] Fragmentationwas performed on the compounds with m/z 641.30 eluting at 23.0 mininthe RT18 and UGT2_1a
samples and eluting at 22.2 min in the RT11 sample.

[0164] In the fragmentation spectra of ions of m/z 641.30, the fragments m/z 479.26 [M-H-Glucose] and m/z 317.21
[M-H-2Glucose] were observed in all three samples. The ratio between the m/z 317.21 and m/z 479.26 ions was recorded
for all three compounds. For both the RT18 and UGT2_1a compounds, the ratio m/z 317 to m/z 479 was 2:10, while the
ratio m/z 317 to m/z 479 for the RT11 compound was 4:10. Thus, the MS2 analysis did not differentiate the steviolbioside
products from RT18 and UGT2_1a, but did differentiate the RT11 steviol diglucoside product from these two. These
results further confirm that the major product of RT18 corresponds to steviolbioside.

Example 8. RT18 expression in steviol glycoside production strain

[0165] In order to demonstrate the effect of the in vivo activity of the RT18 enzyme on the production of steviol
glycosides, RT18 (SEQ ID NO: 19) was assembled with three promoters of different strength (Table 6), and transformed
to a Yarrowia lipolytica strain that produces steviol glycosides using the approach described in WO2013/110673 and
WO2015/007748. The genotype of this Yarrowia strain is given in Table 7

Table 6. Different strength promotors used for RT18 expression

Relative promoters strength Name

Weak CWP (SEQ ID NO: 20)
Medium SCP2 (SEQ ID NO: 21)
Strong HSP (SEQ ID NO: 22)

Table 7. Genotype of parental strain (copy number; SEQ ID NO).

Parent strain MATB tHMG (2; SEQ ID NO: 23) GGS (3; SEQ ID NO: 24) CPS (5; SEQ ID NO: 25) KS (4;
genotype SEQ ID NO: 26) KO (3; SEQ ID NO: 27) KAH4 (4; SEQ ID NO: 28) CPR (2; SEQ ID NO:
29) UGT1 (3; SEQ ID NO: 30) UGT2 (2; SEQ ID NO: 31) UGT3 (2; SEQ ID NO: 32) UGT4
(3; SEQ ID NO: 33)

[0166] For positive transformants, a pre-culture was inoculated with colony material from YEPh-D agar. The pre-culture
was grown in 200 pl YEP with glucose as carbon source. The pre-culture was incubated 72 hours in an Infors incubator
at 30°C, 750 rpm and 80% humidity. 40 wl of pre-culture was used to inoculate 2.5 ml main culture. The main cultures
were incubated 120 hours in an Infors incubator at 30°C, 550 rpm, 80% humidity. After 120 h the main culture was spun
down at 2750 rpm for 10 min. Supernatant was diluted with water and acetonitrile, and measured using LC/MS.

[0167] The results are set out in in Figures 3 and 4. It can be seen that the strains that express the RT18 produce
higher amounts of Reb M and Reb D compared to the parent. In addition, the stronger the expression, the more Reb D
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and Reb M were produced. The formation of higher Reb D illustrates RT18 is effective in catalyzing the glycosylation of
the glucose on the 19-position of steviol glycosides (see Figure 6), for example catalyzing the formation of Reb D from

Reb A. Reb D can then be further converted to Reb M, catalyzed by UGT4.

Example 9. RT18 and UGT4 expression in steviol glycoside production strain

[0168] The expression of other UDP-glycosyl transferases, in combination with RT18, will have an influence on the
product profile. For example the Reb D that is over-produced in a strain expressing RT18 can be further converted to
Reb M by the activity of UGT4. In order to evaluate the effect of over-expression of RT18 with UGT4, expression vectors
of RT18 and UGT4 were transformed to a Yarrowia lipolytica strain producing steviol glycosides using the approach
described in WO2013/110673 and WO2015/007748. The genotype of this parental strain is given in Table 8.

Table 8. Genotype of strain used to transform RT18 and UGT4 (copy number; SEQ ID NO)

Parent strain genotype MATB tHMG (2; SEQ ID NO: 23) GGS (2; SEQ ID NO: 24) CPS (2; SEQ ID NO: 25)
KS (2; SEQ ID NO: 26) KO (2; SEQ ID NO: 27) KAH4 (2; SEQ ID NO: 28) CPR (2;
SEQ ID NO: 29) UGT1 (2; SEQ ID NO: 30) UGT2 (1; SEQ ID NO: 34) UGT3 (2; SEQ
ID NO: 32) UGT4 (2; SEQ ID NO: 33)

[0169] For positive transformants, a pre-culture was inoculated with colony material from YEPh-D agar. The pre-culture
was grown in 200 pl YEP with glucose as carbon source. The pre-culture was incubated 72 hours in an Infors incubator
at 30°C, 750 rpm and 80% humidity. 40 wl of pre-culture was used to inoculate 2.5 ml main culture. The main cultures
were incubated 120 hours in an Infors incubator at 30°C, 550 rpm, 80% humidity. After 120 h the main culture was spun
down at 2750 rpm for 10 min. Supernatant was diluted with water and acetonitrile, and measured using LC/MS.
[0170] The results are set out in Table 9, where the percentages of steviol glycosides on total steviol glycosides are
listed for the two strains. It can be seen that the strains that expresses the RT18 in combination with additional UGT4
effectively convert a higher percentage of the steviol glycosides to higher glycosylated steviol glycosides. Particularly,
Reb B, Stevioside and Reb A are lower in the strain expressing the RT18 and UGT4, whereas the abundance of Reb
M is greatly increased. This illustrates the effectiveness of RT18 expression in steering steviol glycoside production
towards higher glycosylated products such as Reb M.

Table 9. Percentages of steviol glycosides of total steviol glycosides in parent strain and strain expressing RT18 and
an extra copy of UGT4.

Strain Reb M Reb D Reb A Stevioside Reb B Other steviol
glycosides

parent 3 6 54 25 7 6

RT18, UGT4 | 66 5 20 1 1 6

Table 10: Description of the sequence listing

SEQID NO Description

SEQ ID NO: 1 amino acid sequence of the RT7 protein from Solanum lycopersicon (Solyc11g007480 - tomato
genome: http://solgenomics.net/)

SEQ ID NO: 2 amino acid sequence of the RT11 protein from Solanum lycopersicon (Solyc11g007500)

SEQ ID NO: 3 amino acid sequence of the RT15 protein from Solanum lycopersicon (Solyc04g081830)

SEQ ID NO: 4 amino acid sequence of the RT18 protein from Solanum lycopersicon (Solyc05g005930)

SEQ ID NO: 5 amino acid sequence of the UGT85C2 protein from Stevia rebaudiana

SEQ ID NO: 6 amino acid sequence of the UGT2_1 a protein from Stevia rebaudiana

SEQ ID NO: 7 nucleic acid sequence of the RT7 forward primer

SEQ ID NO: 8 nucleic acid sequence of the RT7 reverse primer

SEQ ID NO: 9 nucleic acid sequence of the RT11 forward primer
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(continued)
SEQ ID NO Description
SEQ ID NO: 10 | nucleic acid sequence of the RT11 reverse primer
SEQ ID NO: 11 nucleic acid sequence of the RT15 forward primer
SEQ ID NO: 12 | nucleic acid sequence of the RT15 reverse primer
SEQ ID NO: 13 | nucleic acid sequence of the RT18 forward primer
SEQ ID NO: 14 | nucleic acid sequence of the RT18 reverse primer
SEQ ID NO: 15 | nucleic acid sequence of the UGT2_1 a forward primer
SEQ ID NO: 16 | nucleic acid sequence of the UGT2_1 a reverse primer
SEQ ID NO: 17 | nucleic acid sequence of the UGT85C2 forward primer
SEQ ID NO: 18 | nucleic acid sequence of the UGT82C2 reverse primer
SEQ ID NO: 19 | nucleic acid sequence of the RT18 open reading frame optimized for expression in Y. lipolytica
SEQ ID NO: 20 | nucleic acid sequence of CWP promoter from Y. lipolytica
SEQ ID NO: 21 nucleic acid sequence of SCP2 promoter from Y. lipolytica
SEQ ID NO: 22 | nucleic acid sequence of HSP promoter from Y. lipolytica
SEQ ID NO: 23 | nucleic acid sequence of tHMG optimized for expression in Y. lipolitica
SEQ ID NO: 24 | nucleic acid sequence of GGS optimized for expression in Y. lipolytica
SEQ ID NO: 25 | nucleic sequence of CPS from S. rebaudiana optimized for expression in Y. lipolytica
SEQ ID NO: 26 | nucleic acid sequence of tKS from S. rebaudiana optimized for expression in Y. lipolytica
SEQ ID NO: 27 | nucleic acid sequence of KO from Gibberella fujikori optimized for expression in Y. lipolytica
SEQ ID NO: 28 | nucleic acid sequence of KAH_4 optimized for expression in Y. lipolytica
SEQ ID NO: 29 | nucleic acid sequence of CPR_optimized for expression in Y. lipolytica
SEQ ID NO: 30 | nucleic acid sequence of UGT1 optimized for expression in Y. lipolytica
SEQ ID NO: 31 nucleic acid sequence of UGT2 variant optimized for expression in Y. lipolytica
SEQ ID NO: 32 | nucleic acid sequence of UGT3 optimized for expression in Y. lipolytica
SEQ ID NO: 33 | nucleic acid sequence of UGT4 optimized for expression in Y. lipolytica
SEQ ID NO: 34 | nucleic acid sequence of UGT2 variant optimized for expression in Y. lipolytica
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1

Met Gly Thr

1

Met

Ala

Pro

Asp

65

Pro

Thr

Leu

Trp

Leu
145

Phe

Lys

Ile

50

Ser

Pro

Leu

Lys

Ala

130

Thr

Pro

Lys

35

Asn

Ile

His

Gln

Asn

115

Glu

Phe

Gln

Trp

20

Leu

Leu

His

Tyr

Lys

100

Leu

Arg

Gly

Val

Leu

Ala

Lys

Leu

His

85

Ala

Lys

vVal

Ala

Thr

Ala

Asp

Ser

Ile

70

Thr

Leu

Pro

Ala

Ala
150

Glu

Tyr

Arg

Thr

55

Glu

Thr

Lys

Asp

Asn

135

Val

His

Gly

Gly

40

Ile

Leu

Asn

Met

Leu

120

Glu

Phe

Gly

His

25

Phe

Glu

His

Gly

Ser

105

Met

Gln

Ser

24

Thr

10

Ile

Leu

Lys

Leu

Leu

90

Lys

Ile

Ser

Tyr

Ser

Ser

Ile

Ile

Pro

75

Pro

Pro

Tyr

Ile

Phe
155

Asn

Pro

Tyr

Pro

60

Glu

Pro

Asn

Asp

Pro

140

Cys

Leu

Phe

Leu

45

Glu

Leu

His

Leu

Val

125

Ala

Asn

Arg

Leu

30

Cys

Lys

Pro

Leu

Ser

110

Leu

Val

Leu

Val

15

Tyxr

Ser

Tyr

Glu

Asn

95

Lys

Gln

Arg

vVal

val

val

Thr

Ala

Leu

80

His

Ile

Gln

Leu

Lys
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Lys

Glu

Asp

Leu

Leu

225

Asp

Gly

Tyr

Leu

Glu

305

Gly

Leu

Ser

Met

vVal

385

Glu

Pro

Gln

Pro

Ile

210

Glu

Leu

Ser

Phe

Ser

290

Gln

Glu

Asn

Vval

His

370

Ala

Ile

Gly

Val

Asp

195

Cys

Leu

Ile

Lys

Leu

275

Asn

Asn

Arg

His

Met

355

Leu

val

Ala

Val

Lys

180

Asp

Thr

Ser

Thr

Asp

260

Ser

val

Leu

Gly

Thr

340

Glu

Asp

Glu

Lys

Glu

165

Leu

Glu

Ser

Asn

Asn

245

Glu

Lys

Asn

Glu

Arg

325

Ser

Ser

Gln

Ile

Thr

Phe

Gly

Glu

Arg

Leu

230

Asp

Asn

Glu

Phe

Asp

310

Val

Thr

Ile

Pro

val

390

Leu

EP 3 988 653 A2

Pro

Glu

Arg

Thr

215

Lys

Ala

Ser

Asp

val

295

Ala

Leu

Gly

His

Met

375

Arg

Lys

Phe

Met

Leu

200

Ile

Val

Asp

Thr

Met

280

Trp

Leu

Asp

Gly

Phe

360

Asn

Asp

Asp

Pro

Leu

185

val

Glu

vVal

Asp

Val

265

Glu

vVal

Pro

Lys

Phe

345

Gly

Ala

Asp

vVal

25

Asp

170

Glu

Asp

Ala

Pro

Met

250

Phe

Glu

Ala

Lys

Phe

330

Ile

Val

Arg

Asp

Ile

Ile

Lys

Glu

Lys

Val

235

Glu

vVal

Val

Arg

Gly

315

Ala

Ser

Pro

Leu

Gly

395

Thr

Tyr

Ser

Tyr

Tyr

220

Gly

Leu

Ser

Ala

Phe

300

Phe

Pro

His

Ile

Ile

380

Lys

Glu

Leu

Ala

Lys

205

Ile

Ser

Ile

Phe

Leu

285

Pro

Leu

Gln

Cys

Val

365

Val

Ile

Arg

Arg

Lys

190

Gln

Asp

Pro

Asp

Gly

270

Gly

Lys

Glu

Leu

Gly

350

Ala

Glu

Tyr

Ile

Lys

175

Asp

Ile

Phe

Vval

Trp

255

Ser

Leu

Gly

Arg

Arg

335

Trp

Met

Leu

Arg

Gly

Ile

Gln

Ala

Leu

Gln

240

Leu

Glu

Glu

Glu

Ile

320

Ile

Asn

Pro

Gly

Glu

400
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410

415

Asn Leu Arg Ala Lys Met Arg Glu Ile Ser Lys Asn Leu Asn Ser Ile

420

425

430

Ser Gly Glu Glu Met Asp Ala Ala Ala His Glu Leu Ile Gln Phe Cys

435

Lys Ile Ser Thr Asn

450
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<211>

2
4
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<212> PRT
Solanum lycopersicon

<213>

<400>

2

Met Glu Ala

1

Ala His

Asn Arg

Ser Ile
50

Val Glu
65

Thr Thr

Phe Glu

Pro Asp

Ala Ser
130

Ala Vval
145

Phe Pro

Gly

Asn

35

Lys

Phe

Asn

Asn

Leu

115

Ser

vVal

Phe

Lys

His

20

Phe

Lys

His

Gly

Ala

100

Val

val

Ser

Pro

Lys

Ile

His

Asn

Leu

Leu

85

Ser

Ile

Asn

Leu

Glu

Asn

Ser

Ile

Ile

Pro

70

Pro

Pro

Tyr

Ile

Ala

150

Ile

Lys

Pro

Tyr

Thr

55

Ser

Pro

Asn

Asp

Pro

135

Ile

Tyr

440

Met Ser

Phe Leu
25

Met Cys

40

Lys Lys

Leu Pro

His Leu

Phe Ser

105

Phe Asn

120

Ala Val

His Met

Leu His

26

Ile

10

Glu

Ser

Tyr

Asn

Met

90

Lys

Gln

Gln

Phe

Glu

Leu

Leu

Thr

Phe

Leu

75

Asn

Ile

Pro

Phe

Glu

155

Tyr

Met

Ala

Pro

Glu

60

Pro

Thr

Leu

Trp

Leu

140

Asp

Glu

445

Leu

Lys

Ile

45

Ser

Pro

Leu

Gln

Ala

125

Thr

Thr

Met

Pro

Lys

30

Asn

Ile

His

Lys

Thr

110

Ala

Phe

Glu

Leu

Trp

15

Leu

Leu

Glu

Tyr

Thr

95

Leu

Glu

Gly

Asp

Ser

Leu

Thr

Ser

Leu

His

80

Ala

Asn

Ser

Ala

Lys
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Ala

Phe

Ile

225

Asn

Thr

Ile

Trp

Leu

305

Glu

Gly

Phe

Asn

Asp

385

Lys

Glu

Ile

Glu

210

Val

Asp
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Phe

Val

290

Pro

Gly

Phe

Gly

Ala

370

Glu

Val

Ala

Arg

195

Gly

Pro

Glu

Phe

Val

275

Ile

Glu

Trp

Val

Val

355

Arg

Asn

Leu
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180

Leu

Lys

Val

Glu
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Val

Arg

Gly
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Ser
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Pro

Leu

Gly

Val
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Lys

Ser

Tyr

Gly

Ile

245

Ser
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Tyr

Pro

325

His

Ile

Val

Lys

Glu
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Glu

Arg

val

Ser

230

Met

Phe

Arg

Ser

Leu
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Gln

Cys

Ile

Glu

Leu
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Glu
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Ala

Asp

Asp

215

Leu

Gln

Gly

Gly

Gln

295

Glu

Ala

Gly

Ala

Tyr

375

Gln

Ser

Pro

Ile

200

Tyr

Val

Trp

Ser

Leu

280

Gly

Arg

Met

Trp

Met

360

Ile

Ser

Gly

Gly

185

Val

Leu

Gln

Leu

Glu

265

Glu

Glu

Vval

Ile

Ser

345

Pro

Arg

Glu

Glu

27

170

Asn

Leu

Ser

Glu

Asp

250

Tyr

Leu

Arg

Gly

Leu

330

Ser

Met

Met

Glu

Asp
410

Lys

Val

Asn

Ser

235

Lys

Phe

Ser

Ile

Glu

315

Gln

Phe

His

Gly

Ile

395

Val

Tyr

Lys

Leu

220

Ile

Lys

Leu

Lys

Ser

300

Arg

His

Met

Ile

Val

380

Ala

Arg

Ser

Thr

205

val

Ala

Glu

Ser

Val

285

Ile

Gly

Pro

Glu

Asp

365

Glu

Asn

Asn

Phe

190

Cys

Ser

Arg

Lys

Lys

270

Asn

Gln

Met

Ser

Ser

350

Gln

Ala

Thr

Lys

175

Asp

Arg

Lys

Asp

Gly

255

Glu

Phe

Asp

Val

Ile

335

Met
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Ile

Ala
415
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Asp

Lys

Asp

240

Leu

Asp
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Ile
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Lys
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1

Leu
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Tyr
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Ser

Arg
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Leu
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Glu

Val
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Ala
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Leu
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Arg
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Ile
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Thr
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Thr
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Asn
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Thr
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Asn
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Ser
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Ser
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Leu
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Leu

Leu

Arg

Leu

Asn
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Tyr

Ser

Glu

Ala Lys Gly Asp Glu Glu Ile Asp Gly
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Leu Cys Ser Asn Lys
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Ser Ile

Pro Phe
25

Phe Leu
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Pro Ile

105

Tyr Asp
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Ile Pro
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Met Glu
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Arg
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Phe

vVal

Glu

Leu

His

20

Phe

Leu

Ser

His

Tyr

170

Thr

Val

Glu

Ser

Asn

Pro

75

Leu

Thr

Leu

Val

Asn

155

Arg

Ile

Leu

Leu

Thr

Leu

60

Asp

Met

Gln

Gln

Val

140

Phe

Asp

Glu

Met

Ala

Pro

45

Cys

Leu

Ser

Ile

Pro

125

Phe

Arg

Tyr

Gln

430

Phe

Lys

30

Ala

Asp

Pro

Thr

Met

110

Trp

Val

Tyr

Glu

His
190

Pro

15

Lys

Asn

Lys

Pro

Leu

95

Asn

Ala

Thr

Pro

Leu

175

Gln

Trp

Leu

Phe

Ile

His

80

Lys

Thr

Pro

Ser

Asn

160

Thr

Arg
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Asp

Leu

Ser

225

Glu

Gln

Phe

Ser

Leu

305

Glu

Gly

Val

His

Gly

385

Ile

Ile

Asp

Asn

Ile

210

Ser

Gln

Lys

Leu

Arg

290

Lys

Arg

Asn

Leu

Leu

370

Leu

Ser

Arg

Glu

Lys

195

Lys

Leu

Thr

Ser

Ser

275

vVal

Leu

Gly

Pro

Glu

355

Asp

Glu

Glu

Glu

Glu
435

Ser

Gly

Thr

Ser

Lys

260

Gln

Asn

Glu

Met

Asn

340

Ser

Gln

val

Ile

Lys

420

Ile

Val

Phe

Lys

Glu

245

Gly

Glu

Phe

Gln

val

325

Ile

Met

Pro

Vval

Ile

405

Ala

Asp

Lys

Lys

Lys

230

Asp

Ser

Asp

Ile

Ala

310

val

Gly

Lys

Leu

Arg

390

Asn

Lys

Asp
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Met

Glu

215

Arg

Asn

Thr

Arg

Trp

295

Leu

Glu

Gly

Ile

Asn

375

Asp

Lys

Lys

vVal

Cys Phe
200

Ile Asp

Val val

Asn Ser

Ile Phe
265

Glu Glu
280

Val Vval

Pro Arg

Asp Trp

Phe Val

345

Gly Vval
360

Ala Arg

Lys Asp

Val Vval

Met Ser

425

Val Gln
440

29

Lys

Gly

Pro

Gln

250

val

Ile

Arg

Asp

Ala

330

Ser

Pro

Leu

Gly

Leu

410

Glu

Glu

Arg

Gln

vVal

235

Ile

Ser

Ala

Phe

Phe

315

Pro

His

Ile

vVal

Lys

395

Glu

Thr

Leu

Ser

Tyr

220

Gly

Leu

Phe

His

Pro

300

Phe

Gln

Cys

Ile

Glu

380

Leu

Lys

Ile

val

Thr

205

Cys

Pro

Thr

Gly

Gly

285

Lys

Lys

Ala

Gly

Ala

365

Glu

Asp

Glu

Arg

Asn
445

Asn

Glu

Leu

Trp

Ser

270

Leu

Gly

Lys

Lys

Trp

350

Met

Val

Gly

Gly

Val

430

Leu

Ile

Tyr

Vval

Leu

255

Glu

Glu

Glu

Val

Ile

335

Asn

Pro

Gly

Glu

Glu

415

Lys

Cys

Val

Ile

Gln

240

Asn

Tyr

Gln

Lys

Gly

320

Leu

Ser

Met

Ile

Gln

400

Ser

Gly

Lys
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Thr Arg Ser Asn Val Val

450

<210>
<211>
<212>
<213>

<400>

4
446
PRT

EP 3 988 653 A2

Solanum lycopersicon

4

Met Ser Thr

1

His

Phe

Asn

His

65

Gly

Ser

Leu

Leu

Ser

145

Pro

Leu

Tyr

Ile

Leu

Lys

50

Leu

Leu

Lys

Ile

Asn

130

Tyr

Ala

Ser

Gly

Ser

Ile

35

Ile

Pro

Pro

Pro

Tyr

115

Ile

Phe

Ile

Lys

Asn
195

Thr

Pro

20

Tyr

Pro

Glu

Pro

Asn

100

Asp

Pro

Phe

Tyr

His

180

Met

Leu

Tyr

Leu

Glu

Leu

Asn

85

Phe

Ile

Ala

Asn

Leu

165

Asn

Gln

Lys

Leu

Cys

Lys

Pro

70

Leu

Ser

Leu

Val

Leu

150

Arg

Lys

Ile

Val

Asn

Ser

Tyr

55

Glu

Asn

Lys

Gln

Lys

135

Thr

Lys

Glu

Met

Leu

vVal

Thr

40

Ala

Leu

His

Ile

Gln

120

Leu

Lys

Ile

Gly

Leu
200

Met

Ala

25

Pro

Asp

Pro

Ile

Met

105

Trp

Leu

Lys

Glu

Glu

185

Met

30

Phe

10

Lys

Ile

Ser

Pro

Leu

90

Gln

Ala

Thr

Pro

Leu

170

Glu

Ser

Pro

Lys

Asn

Ile

His

75

Arg

Asn

Glu

Ser

Glu

155

val

His

Thr

Phe

Leu

Leu

Gln

60

Tyr

Arg

Leu

Asp

Gly

140

Val

Arg

Asp

Ser

Leu

Ala

Lys

45

Leu

His

Ala

Lys

val

125

vVal

Glu

Trp

Asp

Lys
205

Ala

Asp

30

Ser

Ile

Thr

Leu

Pro

110

Ala

Ala

Phe

Cys

Gly

190

Ile

Tyr

15

Arg

Thr

Glu

Thr

Lys

95

Asp

Thr

Val

Pro

Glu

175

Leu

Leu

Gly

Gly

Ile

Leu

Asn

80

Met

Leu

Glu

Phe

Tyr

160

Thr

Ala

Glu
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Ala

Pro

225

Asp

Thr

Val

Trp

Leu

305

Asp

Gly

Phe

Asn

Asp

385

Gly

Asp

Ala

Lys

210

vVal

Asp

VvVal

Glu

Val

290

Pro

Lys

Phe

Gly

Ala

370

Asp

Vval

Ile

Ala

<210>
<211>

Tyr

Gly

Met

Phe

Glu

275

Vval

Lys

Phe

Ile

val

355

Arg

Asp

Ile

Ser

Gln
435

473

Ile

Ser

Glu

val

260

val

Arg

Gly

Ala

Ser

340

Pro

Leu

Gly

Thr

Lys

420

Glu

Asp

Leu

Leu

245

Ser

Ala

Phe

Phe

Pro

325

His

Ile

Ile

Lys

Gly

405

Asn

Leu

Tyr

Val

230

Ile

Phe

Phe

Pro

Phe

310

Gln

Cys

vVal

Val

Ile

390

Glu

Leu

Ile
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Cys

215

Gln

Asp

Gly

Gly

Lys

295

Glu

Pro

Gly

Ala

Glu

375

Tyr

Ile

Lys

Gln

Ile

Asp

Trp

Ser

Leu

280

Gly

Arg

Arg

Trp

Met

360

Leu

Arg

Gly

Ala

Leu
440

Glu

Ser

Leu

Glu

265

Glu

Glu

Ile

Ile

Asn

345

Pro

Gly

Gly

Glu

Ile

425

Cys

31

Leu

Ile

Gly

250

Tyr

Leu

Glu

Gly

Leu

330

Ser

Met

Val

Glu

Ile

410

Lys

Arg

Thr

Thr

235

Thr

Phe

Ser

Lys

Glu

315

Asn

Ala

Gln

Ala

Ile

395

Leu

Asp

Asn

Asn

220

Asn

Lys

Leu

Asn

Asn

300

Arg

His

Met

Leu

VvVal

380

Ala

Arg

Glu

Ser

Trp

Asp

Asp

Ser

Vval

285

Leu

Gly

Pro

Glu

Asp

365

Glu

Glu

Ala

Glu

Asn
445

Lys

Ala

Glu

Lys

270

Asn

Glu

Arg

Ser

Ser

350

Gln

Ile

Thr

Lys

Met

430

Lys

val

Ala

Asn

255

Glu

Phe

Asp

vVal

Thr

335

Ile

Pro

Vval

Leu

Vval

415

Asp

Val

Asp

240

Ser

Asp

Ile

val

Leu

320

Gly

Asp

Met

Arg

Lys

400

Arg

val
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<212>
<213>

<400>

PRT
Stevia rebaudiana

Met Ala Thr

1

Ala

Leu

Thr

Asn

65

Ala

Lys

His

Ser

Thr

145

Asn

Lys

Ala

Met

His
225

Thr

Ser

Thr

50

VvVal

Glu

Ala

Ser

Ile

130

Pro

Gly

Trp

Arg

Gly

210

Glu

Phe

Lys

35

Arg

val

Ala

Ser

Pro

115

Ala

Trp

Ser

Phe

Leu

195

Leu

Phe

Ser

Pro

20

Leu

Asn

Gln

Thr

Asp

100

Asp

Ala

Ala

Asp

Pro

180

Vval

Vval

Gly

Asp

Trp

Ile

Ile

Leu

Thr

85

Gly

Trp

Ser

Ile

Gly

165

Phe

Pro

Leu

Thr

Ser

Leu

Ala

Gln

Thr

70

Asp

Leu

Ile

Leu

Ala

150

Arg

Pro

Tyr

Lys

Gln
230
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Ile

Ala

Glu

Arg

55

Leu

val

Gln

Ile

Gly

135

Tyr

Thr

Thr

Lys

Gly

215

Trp

Vval

Phe

Lys

40

Leu

Pro

His

Pro

Tyr

120

Ile

Met

Thr

Lys

Ala

200

Ser

Leu

Asp

Gly

25

Gly

Ser

Arg

Pro

Glu

105

Asp

Ser

Gly

Vval

val

185

Pro

Asp

Pro

32

Asp

10

His

His

Ser

val

Glu

90

val

Tyr

Arg

Pro

Glu

170

Cys

Gly

Cys

Leu

Arg

Ile

Lys

His

Gln

75

Asp

Thr

Thr

Ala

Ser

155

Asp

Trp

Ile

Leu

Leu
235

Lys

Leu

Val

Ile

60

Glu

Ile

Arg

His

His

140

Ala

Leu

Arg

Ser

Leu

220

Glu

Gln

Pro

Ser

45

Ser

Leu

Pro

Phe

Tyr

125

Phe

Asp

Thr

Lys

Asp

205

Ser

Thr

Leu

Tyxr

30

Phe

Pro

Pro

Tyxr

Leu

110

Trp

Ser

Ala

Thr

His

190

Gly

Lys

Leu

His

15

Leu

Leu

Leu

Glu

Leu

95

Glu

Leu

Vval

Met

Pro

175

Asp

Tyr

Cys

His

Vval

Gln

Ser

Ile

Asp

80

Lys

Gln

Pro

Thr

Ile

160

Pro

Leu

Arg

Tyr

Gln
240
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Val Pro

Glu Lys

Gln Lys

Ser Gln
290

Leu Pro
305

Asp Ser

Gly Leu

Glu Ser

Glu Gly
370

Asp Gln
385

Glu Ile

Ala Arg

Lys Ala

Glu Lys
450

Arg Ala
465

<210> 6

Val

Asp

Gly

275

Thr

Phe

val

Val

Val

355

Leu

Pro

Pro

Ser

Asn

435

Glu

Val

Val

Glu

260

Ser

Glu

vVal

Glu

Trp

340

Cys

Met

Leu

Arg

Leu

420

Ala

Tyr

Ala

Pro

245

Thr

Val

Val

Trp

Leu

325

Thr

Gly

Phe

Asn

Asn

405

Arg

Arg

Val

Ile

vVal

Trp

val

vVal

Ala

310

Pro

Ser

Phe

Gly

Ala

390

Glu

Ser

Glu

Ser

Asp
470
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Gly

Vval

Tyr

Glu

295

Tyr

Asp

Trp

Leu

His

375

Arg

Glu

val

Leu

Gln

455

His

Leu

Ser

Val

280

Leu

Arg

Gly

Ala

Thr

360

Pro

Leu

Asp

vVal

Ser

440

Phe

Glu

Leu

Ile

265

Ala

Ala

Lys

Phe

Pro

345

His

Leu

Leu

Gly

val

425

Lys

Val

Ser

33

Pro

250

Lys

Leu

Leu

Pro

val

330

Gln

Cys

Ile

Glu

Cys

410

Glu

Ile

Asp

Pro

Lys

Gly

Gly

Lys

315

Glu

Leu

Gly

Met

Asp

395

Leu

Lys

Tyr

Tyr

Glu

Trp

Ser

Leu

300

Gly

Arg

Arg

Ser

Leu

380

Lys

Thr

Glu

Asn

Leu
460

Ile

Leu

Glu

285

Glu

Pro

Thr

Ile

Gly

365

Pro

Gln

Lys

Gly

Asp

445

Glu

Pro

Asp

270

Val

Leu

Ala

Arg

Leu

350

Ser

Ile

Val

Glu

Glu

430

Thr

Lys

Gly

255

Gly

Leu

Ser

Lys

Asp

335

Ser

Ile

Phe

Gly

Ser

415

Ile

Lys

Asn

Asp

Lys

Val

Gly

Ser

320

Arg

His

Val

Gly

Ile

400

vVal

Tyr

Val

Ala
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<211>

4

81

<212> PRT
Stevia rebaudiana

<213>

<400>

6

Met Asp Ala

1

Pro Phe

Leu Leu

Ile His
50

Ala Pro
65

Pro Glu

Thr Asn

Pro Pro

Asp Ala

130

Ala Ala
145

Lys Gly

Leu Asp

Lys Asp

Met Phe

210

Ile Phe

Pro

His

35

Asn

Gly

Ala

Phe

Thr

115

Ala

Cys

Phe

Thr

Phe

195

Thr

His

Met

Ala

20

His

Gln

Phe

Ser

Leu

100

Cys

Lys

Gly

Ala

Val

180

Pro

Thr

Thr

Ala

Gln

Lys

Phe

Arg

Ile

85

Asp

Ile

Lys

Phe

Pro

165

Ile

Leu

Glu

Phe

Thr

Ser

Gly

Leu

Phe

70

Pro

Arg

Ile

Leu

Met

150

Leu

Asp

Asp

Ala

Asp
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Thr

His

Leu

Glu

55

Glu

Ile

Phe

Ser

Gly

135

Gly

Lys

Trp

Trp

Pro

215

Glu

Glu

Ile

Gln

40

Ser

Thr

Arg

Ile

Asp

120

Ile

Phe

Asp

Val

Ser

200

Gln

Leu

Lys

Lys

25

Ile

Ser

Ile

Glu

Asp

105

Gly

Pro

Tyr

Ala

Pro

185

Thr

Arg

Glu

34

Lys

10

Ala

Thr

Gly

Pro

Ser

90

Leu

Phe

val

His

Ser

170

Gly

Asp

Ser

Pro

Pro

Met

Phe

Pro

Asp

75

Leu

Val

Leu

Met

Ile

155

Tyr

Met

Leu

His

Ser

His

Leu

val

His

60

Gly

Leu

Thr

Ser

Met

140

His

Leu

Glu

Asn

Lys

220

Ile

Val

Lys

Asn

45

Cys

val

Arg

Lys

val

125

Tyr

Ser

Thr

Gly

Asp

205

val

Ile

Ile

Leu

30

Thr

Leu

Ser

Ser

Leu

110

Phe

Trp

Leu

Asn

Ile

190

Lys

Ser

Lys

Phe

15

Ala

Asp

Asp

His

Ile

95

Pro

Thr

Thr

Ile

Gly

175

Arg

val

His

Thr

Ile

Gln

Phe

Gly

Ser

80

Glu

Asp

Ile

Leu

Glu

160

Tyr

Leu

Leu

His

Leu
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225

Ser

Leu

His

Gln

Thr

305

Asn

Gly

Arg

Pro

Glu

385

Asp

Leu

Gln

Asp

Ser
465

Leu

Asp

Gly

Ser

290

Val

Ser

Glu

Gly

Ser

370

Ser

Gln

Glu

Glu

Trp

450

Leu

Arg

Gln

Tyr

275

Lys

Met

Asn

Asn

Phe

355

Val

Leu

Leu

Met

Leu

435

Lys

Asn

Tyr

Ile

260

Ser

Glu

Ser

His

Ala

340

Ile

Gly

Ser

Thr

Gly

420

Met

Glu

Ile

Asn

245

Pro

Leu

Pro

Leu

Tyr

325

Val

Ala

Gly

Ala

Asn

405

Thr

Gly

Lys

Asp

230

His

Glu

val

Asn

Glu

310

Phe

Leu

Ser

Phe

Gly

390

Cys

Lys

Glu

Ala

Lys
470
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Ile

Glu

Lys

Ser

295

Asp

Leu

Pro

Trp

Leu

375

Val

Arg

Val

Gly

Arg

455

Met

Tyr

Lys

Glu

280

Val

Met

Trp

Pro

Cys

360

Thr

Pro

Tyr

Lys

Gly

440

Ile

Val

Thr

Lys

265

Glu

Val

Thr

Ile

Glu

345

Ser

His

Met

Ile

Arg

425

His

Ala

Lys

35

Ile

250

Gln

Pro

Tyr

Glu

Ile

330

Leu

Gln

Cys

Ile

Cys

410

Asp

Lys

Ile

Glu

235

Gly

Thr

Glu

Val

Phe

315

Arg

Glu

Glu

Gly

Cys

395

Lys

Glu

Met

Ala

Ile
475

Pro

Gly

Cys

Asn

300

Gly

Ser

Glu

Lys

Trp

380

Trp

Glu

Val

Arg

Pro

460

Thr

Leu

Ile

Phe

285

Phe

Trp

Asn

His

Val

365

Gly

Pro

Trp

Lys

Asn

445

Asn

Val

Gln

Thr

270

Gln

Gly

Gly

Leu

Ile

350

Leu

Ser

Tyr

Glu

Arg

430

Lys

Gly

Leu

Leu

255

Ser

Trp

Ser

Leu

val

335

Lys

Lys

Thr

Ser

Val

415

Leu

Ala

Ser

Ala

240

Leu

Leu

Leu

Thr

Ala

320

Ile

Lys

His

Ile

Trp

400

Gly

Val

Lys

Ser

Arg
480
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EP 3 988 653 A2

Asn
<210> 7
<211> 32

<212> DNA
<213> Artificial sequence

<220>
<223> RT7 forward primer

<400> 7
attaggatcc aatgggaaca caagtaacag ag

<210> 8

<211> 37

<212> DNA

<213> Artificial sequence

<220>
<223> RT7 reverse primer

<400> 8
aatactgcag ttaattagta ctaatcttac aaaattg

<210> 9

<211> 37

<212> DNA

<213> Artificial sequence

<220>
<223> RT1l1 forward primer

<400> 9
attaggatce aatggaagce aagaaaaata aaatgag

<210> 10

<211> 35

<212> DNA

<213> Artificial sequence

<220>
<223> RT1l1l reverse primer

<400> 10
aatactgcag tcatttgttg ctgcaaagag ccatc

<210> 11

<211> 34

<212> DNA

<213> Artificial sequence

<220>
<223> RT15 forward primer

<400> 11
attaggatcc aatggatggt tcgaatgaaa agtce

36

32

37

37

35

34
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

EP 3 988 653 A2

12

35

DNA

Artificial sequence

RT15 reverse primer

12

aatactgcag ctagacaaca tttgatctag tcttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

38

DNA

Artificial sequence

RT18 forward primer

13

attaggatce aatgagtact actttaaagg tattgatg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

36

DNA

Artificial sequence

RT reverse primer

14

aatactgcag attcacttat tactattecct acaaag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

31

DNA

Artificial sequence

UGT2_la forward primer

15

attaggatce aatggeccact tetgacteca t

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

32

DNA

Artificial sequence

UGT2_la reverse primer

16

aataaagctt ttagettteg tggtcaatgg ca

<210>
<211>

17
32

37

35

38

36

31

32



10

15

20

25

30

35

40

45

50

55

<212> DNA
<213>
<220>
<223>
<400> 17

EP 3 988 653 A2

Artificial sequence

UGT85C2 forward primer

attaggatcec aatggacget atggccacca ct

<210> 18
<211> 32
<212> DNA
<213>
<220>
<223>
<400> 18

Artificial sequence

UGT85C2 reverse primer

aataaagectt ttagtttcga gccaagacag tg

<210> 19
<211>
<212>
<213>

<220>
<223>

<400> 19
atgtccacca

tacctcaacg
ccecatcaace
ctcatcgaac
ggtctgecte
ttctcecaaga
tgggccgagg
gttgetgttt
cccegcetatet
aacaaggaag
atgtccactt
tggaaggtcg
gacgacatgg
tettttgget
gagctgtcca

ctcgaggacg

1341
DNA
Artificial sequence

ccctcaaggt
ttgccaagaa
tcaagtccac
teccatctecee
ccaacctcaa
tcatgcagaa
atgtcgccac
tetettactt
acctccgaaa
gtgaggagca
ccaagatcct
tececeegtegg
aactcattga
cecgagtactt
acgtcaactt

ttctgeccaa

cctcatgtte
gctegecgac
catcaacaag
cgagcttccece
ccacatccte
cctgaagcecece
cgagcttaac
cttcaaccte
gatcgagcetg
cgacgacgge
cgaggccaag
ctctetegte
ctggeteggt
cctetecaaa
catctgggtt

gggcttette

ccecttecteg
cgaggcttec
atcececgaga
gagctgecte
cgacgagcce
gatctgectca
atccecgeecg
accaagaage
gtccgatggt
ctegectacg
tacattgact
caggactcca
actaaggacg
gaggacgttg
gtcegattee

gagcgaatcg

38

cttacggcca
tcatctacct
agtacgccga
cccactacca
tcaagatgte
tctacgacat
tcaagctget
ccgaggtega
gcgagactcet
gcaacatgca
actgcattga
tcaccaacga
agaactccac
aagaggttge
ccaagggtga

gtgagcgagg

catctctcece
ctgttccace
ctececatececag
caccaccaac
caagcccaac
tcteccageag
cacctctggt
gtteecectac
gtccaagcecac
gatcatgcete
gctgaccaac
cgcegetgac
cgtetttgte
ctteggtetg
ggagaagaac

ccgagtecte

32

32

RT18 open reading frame optimized for expression in Y. lipolitica
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gacaagtttg
cactgtggct
ccecatgeage
gagattgtce
ggtgtcatca
aacctcaagg
tgccgaaact
<210> 20

<211> 866
<212> DNA

<213>

<400> 20
catgctcact

ccgeecgeaa
tgaatgecgaa
aaccacaaaa
tcceccatcte
gcaaccatca
cagattttaa
gaagacagga
aggttatgtt
gtgceccecctga
tgececagtege
cttatttececa
tacattccag
gctgeggect
gttcaccact
<210> 21

<211> 999
<212> DNA

<213>

<400> 21

cteccecagee
ggaactccge
tcgaccagece
gagatgatga
cecggegagat
ccatcaagga

ccaataaata

tttgttgtce
atccecctcetg
agatggcaat
gaaacctgga
ccectgggcea
catactttag
ctcgcacaac
tecagecaaccyg
ggtaggtcta
tacagctagt
gtgaactcaa
acacaaagaa
gactctgtte
tataaatacc

aagtcactcg

EP 3 988 653 A2

ccgaattete aaccaccect ctaceggtgg

catggagtcc
catgaacgcee
tggtaagatce
tggtgagate
cgaggagatg

a

Yarrowia lipolytica

tgatgatctc
cccatettga
attggtggag
aacccaaaat
tcagttgcce
acgccaaaca
attaccccaa
tgatcgacag
gacgggcecte
ttagcacatce
acacccacta
geggttggeg
aaggtcaaat
tgggcgcecact

ttcaaa

Yarrowia lipolytica

attgactttg
cgactcattg
taccgaggtg

ctecegageca

gacgttgctg

ccgttatttce
caatgcacaa
gaggegacgg
ggactcacga
atcggtatct
atgggacaac
ctctaaaagg
aatcttcagg
ggggaattga
tgccecactac
geectecgggaa
gacaaagaac
atacaaaaca

tctetetttt

gtgtccccat
tcgagettgg
agattgctga
aggtececgaga

cccaggagct

gccgctcecte
tgcatcatte
cggtaaacaa
caactcccce
caactgtcgce
tcatcgegee
taacctegac
gcactacagt
cceccaccagt
gtctggacge
ggattcagtt
atgtecttte
cagatagaga

tcectectea

tttecatctet
tgtcgceccecatg
tgttgecegte
gactctcaag
catctcecaag

gatccagcte

tggaaaccat
tcagectgea
tggagataga
actcccecac
actagttagc
gaactatggg
cggaaaacgg
tgatagacat
tgcaagtcac
accatggtgg
aaatccgecac
tggggcactg
aacatagaca

tcacacattc

ctactgttge tacgattcec ccattgcaac cacagtttgg ggttaccceg cattatatta

gcatgattac gaaagagata agtatcatat ggaacatgtg aagggtagta tgcaggtceg

gcggagaaag agaatgacgt tttecattaag cgattegett ggeggettgt gggggatgtg

39

1020

1080

1140

1200

1260

1320

1341

60

120

180

240

300

360

420

480

540

600

660

720

780

840

866

60

120

180
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acgatactta
tgttgggeeg
acacctaatg
ttgcacaagt
ctgttgacct
tgacggegtt
taagectettt
gtggcagttt
tggcgcagaa
caaatgtcca
gggttagget
gettggetgt
attaaatgca
gctcecccaga
<210> 22

<211>
<212>
<213>

<400> 22
gtgcaatcac

aaatatttte
tgecattgget
cgcacgaagg
gcggaaaacg
ctattttggg
atggtttetg
tatttggcececa
agaaagtggt
ctctcacatg
caataatgta
acaacgagcce
cgctcaatta

accagcaaca

1000
DNA
Yarrowia lipolytica

cggtaaagac
tcaatcgaat
aaacatacaa
agtgaaactt
caaaagcatt
gaccaccaat
ggatttgatt
gaggcagagg
ttgagctgaa
ctaatteccce
ttgtcacgtt
ctcectacac
tatagtcaat

atatctctta

atgttgctac
ttgctcacat
ctgtectetag
agatggcccg
aaaagcgaag
tegettteeca
aaacaaccce
ttgtggggga
agcattccaa
tctacttecce
ggcactettt
acaattgggg
cccaccaaat

cacacggtat

EP 3 988 653 A2

cctgtgtgag
ctegtggaac
gctaccgaaa
ccgaaaatag
ccaacggtaa
gtgtggggge
ctttggggtg
cccagegtgt
tgcgcaaaaa
ggactgttee
tetttgtgte
ctecggtaaaa
ctaacgacat

ttcattacac

tgtacctget
gactctctcet
acgtccaaac
gtggcgagga
ggcacaatct
tttecacatte
ccagaattag
gggtagcgac
ccgtctaagt
caaccaacat
ctgggtgtgg
agatggtage
ttgggetgga

caacagcaac

agctggtact
ttgcattett
tcattttact
ccagcctcat
aaaattataa
tggeggtagg
tgtggtaaaa
agttecctagg
gctacaggat
aaatgattet
gtgteggtte
actatcacat
atatataggt

aaaaacaac

gtggaccacg
cggcecgegea
cgtccaaagt
accggacacg
gacggtgcgg
gecectecaatg
agtatattga
gtggaggaca
cgtccgaatt
ccccaaccte
gacagcagag
catctecacte
gttgagggga

caacgccccc

40

cgctegttac
cttaactgtg
cgtactgace
gcatcatcge
cgecgecaac
accgagctta
ttcacatggg
gcatgaatat
caaccgegtt
gtggggataa
gtcecggggea
getgeccecte

agggtgcatc

cacggecggaa
cgccggtgge
ggcagggtga
gcgagccgge
ctgccaccaa
geccactttge
tgtgtttaag
ttecagggeg
gatcgctata
ccccacacta
caatacggag
gaccegtecga
cegtgtteca

gctaatgcac

ttegetgate
tctatacaag
ggtacggtac
ttcacccecett
tggatggttg
ttegteecaa
gaagaacacg
accgaactca
agaaatgccg
atctcaaact
atgtgccecac
tcgagcaage

ctceggttta

cgtacecgtac
aaattgctct
cgtgatgecga
gggaaaaaag
cccaaggagg
ggtggtgaac
attgggttge
aattgagcct
actatcacct
aagttcacge
gggagattac
cttttggecaa
gcegetgtagg

ccagtactgce

240

300

360

420

480

540

600

660

720

780

840

900

960

999

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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EP 3 988 653 A2

gcaggtgtgg gecaggtgeg tteccagatge gagttggega accctaagec gacagtgtac

tttttgggac gggcagtage aatcgtggge ggaaaccececg gtgtatataa aggggtggag

aggacggatt attagcacca acacacacac ttatactaca

<210> 23

<211> 1503
<212> DNA
<213>

<220>
<223>

<400> 23
atgacccagt

gagaaggagg
aagcccecgtga
accaagctce
tatgctettg
atctcceccage
gactacgacc
gttggtgttg
actgagggtt
ggtgttacca
tectetecaage
atgcgaaagg
cttgetggta
aacatgatct
cctgatatgg
atcaactgga
attgtcaagt
aatctgateg
ctggtgacecg
aactgcatca
tetategagg
gagatgcttg

gctcgeatca

tHMG optimized

ctgtgaaggt
aggacacctce
ccgagacceg
tggaggacca
agaagcagct
agtctaatac
gtgtttttgg
ctggececcat
gtettgttge
ctgtgettac
gggctggage
ccttcaacte
acctgetgtt
ccaagggcegt
acattgtgte
tecgaaggecg
ctgttctecaa
gtagtgececat
ccatctacct
cgctgatgag
teggtacecat
gcgtgegagg

ttgecttetgg

Artificial sequence

for expression in Y. lipoltica

ggttgagaag
ttctgaagac
ttetetggac
cgaggttgtce
tggtgacaac
caagactctt
agecctgttge
gaacattgat
ctcaaccatg
tcaggacggt
cgctaagatce
cacctctega
tattecgatte
cgaacactct
tgtctegggt
aggcaagagt
aagtgaggtt
ggetggetet
tgeccactgge
caacgtcgac
tggtggaggt
teccteacatce

agttecttgea

cacgttccta
teccattgage
gacttggagg
aagctctcte
acccgagcetg
gagacctcaa
gagaacgtta
ggcaagaact
cgaggttgcea
atgacacgag
tggecttgatt
tttgetegte
cgaaccacca
ctggecegtea
aactactgeca
gttgttgcecg
gacgctcttg
gtgggaggtt
caggatcctg
ggtaacctge
actattttgg
gagaccceccg

gcggagettt

41

tcgtcattga
tgactgtecgg
ctatcatgaa
tcgaaggcaa
ttggecatceccg
agctccecctta
ttggttacat
accacattce
aggccatcaa
gtecettgtgt
ccgaggaggg
teccagtetet
ctggtgatge
tggtcaagga
ctgacaagaa
aagccaccat
ttgagctcaa
tcaatgcaca
ctcagaatgt
tcatctecegt
agcceccaggg
gtgccaacge

cgetgtgtte

gaagcccagce
aaagcagcce
ggcaggtaag
gctececetttg
acgatctatc
cctgecactac
gecctcetecee
tatggccace
cgecggtgge
ttectteccee
tctcaagtcece
tecactctace
catgggcatg
gtacggctte
gcecgeageg
cecctgeteac
catcagcaag
cgccgcaaac
cgagtcettece
tteccatgect
tgectatgetg
ccaacagctt

tgctecttget

900

960

1000

60

120

180

240

300

360

420

480

540

600

660

720

780

840

9200

960

1020

1080

1140

1200

1260

1320

1380
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geceggecate ttgtgecaaag tcatatgace cacaaccegtt ccecaggetee tactececggee

aagcagtctc aggccgatct gcagegtctce caaaacggtt cgaatatctg cattcggtca

tag

<210> 24

<211> 984
<212> DNA
<213>

<220>

<223> GGS

<400> 24
atggattata

ctgggaccgt
gcagcegttceg
accaagattt
cgacgaggcece
aactacatgt
tccattttca
agagaaacac
ggaggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgececgtgg
caggeccatgt

gtctccaagt

aagtactttg

<210> 25

<211> 2232
<212> DNA
<213>

<220>

<223> CPS

<400> 25

Artificial sequence

optimized for expression in Y. lipolitica

acagcgegga
acaactacct
gagcggttat
tgcataactce
tgeeggeage
actttgtgge
ccgaggaaat
tcacttgccc
tteggetgge
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaagge
tgcgageccat

aggatgcgca

from S.

tttecaaggag
cgccaacaac
caaggtggac
gtcgetgett
ccattgtctg
tetgecaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgecagtcee
gttttegttt
cattctcaaa
aacagaaacc
aagttegtac
tttgcattat

gtga

Artificial sequence

atetggggea
cggggccaca
aagagcgatc
gttgatgacg
tttggagtce
gtgetcaage
catagaggtc
gagtatctgg
atgetgtegg
cttaccgaca
acggaattga
ccgetgatte
cagcgaacaa
aagagttteg
attgatgate

tttgtgtcca

aggeccgecga
acatcagaga
tcgaaaccat
tggaagacaa
cccaaaccat
tcaagtetta
agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatccg
gcgacgette
actactgcecet
tegecageage

cctctgactg

cacecgcegetg
acacttgate
ttecgecacatce
ctcgatgete
caactcegee
tgatgecegte
tectectactgg
gcacaagacc
acaggaggac
catttaccag
gggattctge
gaccaacccg
actcaaaaag
caagagaatc

cggccacgat

tgaggagaga

rebaudiana optimized for expression in Y. lipolitica

atgtgcaagg ctgttteccaa ggagtactee gatetgetee agaaggacga ggectettte

accaagtggg acgacgacaa ggtcaaggac cacctegaca ccaacaagaa cctctacccece

42

1440

1500

1503

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984

60

120
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aacgacgaga
ggcgagatta
ggttececgget

gacggttett

gcectgtgtea

aacttcctec
ggcttegagg
cccgaggaca
atccccatgg
cccgateteg
tcececectett
ctcaccaaca
tttgagcaca
tccgagatca
tgggccecgaa
cgagcccacyg
tttgtetgtt
gecttetecaga
aactacctca
gatectgeeceg
ctggagacte
accctgtace
tacaacaact
gacattggta
ctecgetgetg
accaccatcce
gatatcaccg
aacggcgage
ctecgacgete
atgtggctca

atcaacatga

tcaaggagtt
atgtctctge
ctecctecagtt
ggggtgacca
ttgctetgac
gagagaacat
tecacctteee
ceccecgetet
aggttctcca
agtgggagaa
ccactgecett
ttgtcaccaa
tetgggttgt
aggactgtgt
acacccacgt
gctacgatgt
tegecggtea
tgectettece
aggagaagca
gtgaggttgg
gatactacct
gaatgggcta
acgttgeegt
tcgagaagtt
cctecatcett
tegtecgacaa
ccttcattga
cctggecacga
tgatgacceca

ccaagctcecceca

ccgecggecg

EP 3 988 653 A2

tgtcgagtce
ttacgacacc
cccttectet
cctgetcette
ctettggaac
ctgcaagcte
ctctetgatt
caaggagatc
caaggtccce
gctgectcaag
cgeccectecatg
gttcaacggt
tgaccgacte
cgagtacatce
ccaggacatt
caccccegat
gteccaccecag
cggtgagega
gtccaccaac
ctacgeccecte
cgagcagtac
cgtttecaac
cctecagete
cgagteccgac
cgagcccgag
gatcacctece
caagttccga
ggtcatggtt

ctetecaggac

ggacggtgtt

atgggtttce

gtcaaggcca
gectgggttg
ctcgagtgga
tectgetecacg
gtccacccect
gaggacgaga
gacattgcca
tacgctegac
accactctcce
ctgcagtgeca
cagaccaagg
ggtgtcccca
cagcgactcg
aacaagtact
gacgacaccg
gtetttegac
gcegtcecaceg
atecctegagg
gagctgetceg
gacatcccect

ggtggtgagg

aacacctacc
gagtggtaca
aacatcaagt
cgatccaagg
atecttegact
aacaagtcct
gctctcaaga
ateccaccecce
gatgtcactg

aaggagctce

43

tgttecggete
ctctggtceeca
tcgccaacaa
accgaatcat
ccaagtgcga
acgccgagca
agaagctcaa
gagacatcaa
tccactctet
aggacggctce
acgagaagtg
acgtctacce
gtatcgecceceg
ggaccaagaa
ccatgggcett
agtttgagaa
gtatgttcaa
acgccaagaa
acaagtggat
ggtacgeecte
acgatgtctg
tecgagatgge
ccatccagea
ccgtecttgt
agcgaattge
ccteececagte
cctccaagaa
aaactctcca
agctccacca
ctgagctcat

tcacccacce

catgaacgac
ggatgtcgac
ccagctgtcece
caacaccctg
gaagggtctg
catgecceccatt
cattgaggtce
gctcaccaag
cgagggtatg
tttectette
tetecagtac
cgttgaccte
atacttcaag
cggtatctge
ccgagttetg
ggacggcaag
cgtctacega
gttectectac
cattgccaag
tetgececega
gatcggtaag
caagctcgac
gtggtacgte
ctcctactac
ctgggccaag
ctccaaggaa
gcactccatce
cggetttgece
ggectgggag
ggtccagatg

ccagtaccag

180

240

300

360

420

480

540

600

660

720

780

840

9200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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cgactcteca
gagaactcca
acccceccgatg
tactacaagg
attgtgattt
<210> 26

<211> 2274
<212> DNA

<213>

<220>

<223> tKS

<400> 26
atgacctcce

cgaatccaga
gtegecatgg
tggctcatcea
cacaaccacce
aagcgatgga
ctegectecg
ggtectgeteg
tctetecatge
ggctacctgg
aagtaccaga
atcaaccacce
aacgecgtcee
attgagcgac
acttaccgat
ctggecttee
atcaccaacg
cacattctgt
ctcaaggaga
gagaacgcte
atccagetet

atcteccaaca

ctgtcaccaa
ccaccgtcga
atctcgacca
cctggtgega

aa

from S.

acggcggcca
agcagttcaa
tecectetee
acaaccagcet
ccctectcaa
acgttggcga
ccaccgagaa
agtacgccaa
tgcacaagcg
cctacattte
tgaagaacgg
agaacccegg
ccactgtcta
teggtattte
getgggttga
gactcctecg
agctggetet
accaagagga
tcatctccac
tcaagttece
acaacgtcga

ccgactaccet

EP 3 988 653 A2

ctetgtetge
ctccaaggtce
ggacatgaag

ccccaacace

Artificial sequence

gaccaaccce
gaacgtcgag
caactcccee
caacgacggce
ggactctcte
ggaccagatc
gteccecagece
gaacctcgat
agagctcgag
cgagggtctg
tteegtttte
ctgtctcaac
cceccecacgat
ccaccacttc
gcgagatgag
aatcaacggt
caaggacgag
tctgtectee
tgactccaac
catcaacacc
caacacccga

gecgactcgee

cacgacatca
caggagctgg
cagaccttce

atcaacgacce

rebaudiana optimized for

accaacctca
atctcecgttt
aagtctecect
tettggggte
tcttecacte
aacaagggtc
tecececccattg
atcaacctge
cagaagcgat
ggtaacctct
aactcceccect
tacctcaact
ctettecatee
cgagtcgaga
cagatcttca
tacgaggttt
tacgeegecece
ggcaagcaga
cgactctcca
ggtetggage
attectcaaga

gtegaggact

44

ccaagctcca
tccagectcegt
tgactgtcat

acatctccaa

expression

tcattgacac
cctectacga
gcttececega
tggtcaaceca
tecgectgeat
tgtctttcat
getttgatat
tectccaagea
gccactccaa
acgactggaa
ctgecacege
ctetgetega
gactctceat
tcaagaacgt
tggacgttgt
ccecccgaccee
tecgagactta
ttctcaagte
agctcatcca
gaatcaacac
ccacctaceca

tctacacctg

caacttcaag
tttctceegac
gaaaactttc

ggtctttgag

in ¥. lipoltica

caccaaggag
caccgcecctgg
gtgtctcaac
cacccacaac
tgttgctcete
tgagtccaac
catcttecce
gaccgactte
cgagatggac
catggtcaag
tgetgecette
caagtttggt
ggtecgacace
tctecgatgag
cacctgtget
cctegecgag
ccacgcttet
cgccgactte
caaggaagtc
ccgacgaaac
ctettecaac

ccagtcecate

2040

2100

2160

2220

2232

60

120

180

240

300

360

420

480

540
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taccgagagg
aagtttgcecce
ccegagetet
gacgacttct
gagaagtgga
ctggctectea
gatgtcactt
gccatctgga
gtcagctttg
tecgaggaga
ggccgactcee
gecegttgete
gagatgatga
aacggctcca
aacttecttet
gacatcatct
<210> 27

<211>

<212>
<213>

DNA

<220>
<223>

1578

agctcaaggg
gacaaaagac
ccgacgeceg
ttgacattgg
acgtcgacgt
aggacgcecat
cccacgtcecat
cccgagatge
ctcteggtcece
ttgtegagte
tcaacgatat
tgcacctgte
tgatgatcaa
ttgtecececeg
acgccaacga

acaaccctcet

lipolitica

<400> 27
atgtccaagt

cteggecteg
geectggetcet
gtcegteggtt
gagggtggtt
cgaaagctcg
ctecteccagg
acccgaggta
acccccaage

aaggagatgc

ccaactccat
accgaatgece
gctectacgt
accgatcegt
ccatcattgg
gtaccgacat
acaagacccg
tggtetttet
ttgtectetet

ccgacatgaa

EP 3 988 653 A2

tectggagecga
tgcctactge
aatctcttgg
tggcaccatt
tgacaaggac
ctgetggate
ccagacctgg
ctacgtcccee
cattgtcaag
ctecgagtac
ccactecctte
caacggtgag
gaacaagcga
agcctgcaag
cgacggttte

ggttetggte

Artificial sequence

gaactccace
ccteatggac
catccacgtt
tttegagece
ccagggctac
tgtcatcate
atcecgtegag
gcagtcegat
caccaaggtce

gaacgacgag

tgggttgteg
tacttcteceg
gccaagaacg
gacgagctga
tgttgtteceg
ggtgacgagg
ctcgagceteca
accctcaacg
ccecgecatet
cacaacctct
aagcgagagt
tececggecaagg
aaggagctca
gacgcecttcet
accggcaaca

aacgagaacg

teccecacgaga
gteccactgge
ctgtectett
acctggcectee
aacaagttca
cctcccaact
ceccttecatea
ctecagaace
atgaaggaag

tgggttgagg

45

agaacaagct
ttgctgecac
gtatcctgac
ccaacctcat
agcacgtceg
ccttecaagtg
tgaactccat
agtacatgga
actttgtcgg
tcaagctecat
tcaaggaagg
tcgaggaaga
tgaagctcat
ggaacatgtg
ccattetega

aggagcagag

ctctetteca
tecatctacgt
ccteccactgt
tecgactgeg
aggactccat
acattgacga
acgactttge
gagtcatcca
agctcgacta

tcgacatctce

cgaccagcte
cctetettet
cactgttgte
ccagtgcgte
aatcctette
gcaggctega
gctgcgagag
gaacgcctac
tcccaagetg
gteccaceccag
taagctcecaac
ggtegtegag
cttcgaggag
ccacgtccte
cacecgtcaag

gtaa

KO from Gibberella fujikori optimized for expression in Y.

gcagctcegtt
tgeetttggt
caaggtccce
attegtcetgg
ctteccaggte
ggtccgaaag
cggecagtac
gcagcgacte
cgectetgace

ttccatcatg

1380

1440

1500

1560

1620

1680

1740
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gtcecgactca
caggagtgge
ctcecgagttg
accctgetge
cagggtgacg
aagcagatcg
accgccatga
ccccectecgag
aaccgattcce
ctgctcacct
ccctecggta
ccecggtecececa
teccaactacg
tacggtaagt
gccattcectge
atcaccatcg
tetetgegtg
<210> 28

<211>

<212>
<213>

DNA
<220>
<223>

<400> 28
atggagtete

tteteegteg
tectetecaage
gagatgcage
gactactcett
tacacctact
gagctctceccee
aaccccatte

cgaatcattg

1578

tectetegaat
tcaccaccac
tceececcacat
gaaacgttte
gtaacgagga
acaacattge
ccatgaccca
atgaggtcaa
acaagctcga
tcaaccgaat
ccecgaattge
ctcecteccac
cccagaagta
acgecctgece
tecctecagtt
actccgacat

acgagtaa

tggttgtececa
gctaccacgt
tccagggtgt
gaatccagte
cttetetgtt
ccactggect
agaccaacac

teggtaacgg

cctacgagtt

EP 3 988 653 A2

ctcegeececga
cgececgagtac
tectecgacce
tteeggeecga
catcctctet
ccagcecgaatg
cgeccatgtac
gtecegtegtt
ctctttecte
ctaccaccag
tgteccectet
tgagttcgac
cctettetee
cggeccgatte
tgagttcaag

gateccecgac

Artificial sequence

caccgtcaac
ctacggcecga
caagggtcct
cgaggccaag
ccececacttt
caagcagcac
cctcecaaccte
tatcatcace

cacccacgac

gttttecteg
tcegagtete
ttcattgcte
cgagtcattg
tggatgcgag
ctcattectgt
gatctgtgtg

ggtgcttcetg

aaggagtccce
tececatgacce
cacgccatge
ggtttecgat
atgaccgact
tacgecctcca
ctccecgacg

cccecgagete

KAH_4 optimized for expression in Y.

gcecatetggt
getgttgteg
ccteccteca
cactgectecg
gaccactgge
ctctacatca
ggccgaatca
tcecaacggcee

aagatcaagg

46

gcececcgagea
tctteatcac
ctctgetgec
gtgatatcat
atgctgecac
ctectegecte
cctgeececga
gctgggacaa
agcgattcaa
tetecgatgg
tccaggacte
actccaagat
cttccaacat
acgagatgaa
gtaagggccg

gactctgtgt

lipolitica

gecattgteat
agcagtggeg
tecttecaacgg
gtgacaacat
gaaagcagta
accaccccga
cccacatcac

cccactggge

gtatggtegg

ctgecgaaac
cggetteate
ctcttaccga
ccgatcececcag
tggtgaggag
catccacacc
gtacattgag
gaccgctcte
ccecegtttte
taccaacatce
cgecccacgte
ccgatceccgac
ggecectttgge
gctgactetg
accccgaaac

ccgaaagcga

tgteggtate
aatgcgacga
taacgtttcece
catctceececac
cggecgaate
gatggtcaag
caagcgacte
ccaccagcga

tectgatggte

660

720

780

840

9200

9260

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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60
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360

420

480
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gagtccecgeca
ggctgtgaca
geetgttteg
ctcaccgeca
tteggetececa
tccatctggg
ctcatgcagce
tetgettace
teccacecgeeg
gtcaagatce
atccccaacce
gcteccattg
aagggtgtct
ccegacgeca
tacccccagt
ggtatgatgg

tecteccacet

gtecatcecgag

<210> 29
<211>
<212>
<213>

DNA
<220>
<223>

<400> 29
atgtcctect

ggtgagcceg
gagctgtect
gectgttetea
aagcgagtcg
ggccgaaaga
aaggctcteg
ctegatgatt

gecttettet

2133

tgeccatget
tcecgagtcega
gctettectt
tcaccaageg
agaagcacgg
agactgtcaa
tcattctcga
gacgattcgt
ttteegttte
gagatgagat
tcaagaccgt
tcggeccgaga
gtatectggac
acgacttcaa
cctacatcce
aggtcaaggt
accagcacte

ttgtataa

cttcttette
tcattgtcete
ccatgectcat
ttggectgeat
agcccctcaa
aggtcaccat
gtgaggaage
acgctgecga

tectegecac

EP 3 988 653 A2

caacaagtgg
cgaggaccte
ctccaaggge
atcegtecte
tgacgttgac
ggagcgagag
gggtgccatg
tgtecgacaac
ttggtgecte
tectgtectee
caccatggtc
ggcctceccaag
cctecatecee
gceecgagega
ctttggecte
cctegtttcet

tcecteccac

Artificial sequence

ttccacctec
cgaccecegece
cgagaaccga
tgtecatgete
gccectggte
cttetttgge
caaggctcga
tgacgacgag

ctacggtgac

gaggagatgg
aaggatgtct
aaggccatct
ttecegattea
attgacgcete
attgagtgca
cgatcttgtg
tgcaagtcca
atgetgeteg
tgcaagaacg
atccaggaga
gacattcgac
gctetgeace
ttetecgagg
ggcececccgaa
ctgattgtct

aagctgeteg

atgattgatc
aacgcctceceg
cagtttgecca
gtetggegac
atcaagcccce
acccagaccg
tacgaaaaga
tacgaggaga

ggtgagececa

47

tcaagegagg
ccgctgacgt
tctececatgat
acggtttcac
tcgagatgga
aggacaccca
acggtaacct
tectactttge
ctetecaacee
gtatcccecga
ctatgcgact
tcggtgatct
gagatccecga
gtatectccaa
cctgtgtegg
ccaagttctc

tecgageeccea

CPR_optimized for expression in Y. lipolitica

tcatggctge
cctacgagte
tgatcgtecac
gatctggcete
gagaagagga
gtactgctga
cccgattcaa
agctcaagaa

ccgacaacgce

tggtgagatg
cattgccaag
ccgagatctg
cgacatggtt
gctegagtee
caagaaggac
gtgggacaag
cggccacgac
ctettggeag
cgcecgagtcee
ctaccctcce
ggttgtccce
gatctggggt

ggecctgeaag
caagaacttt
cttcactctg

gcacggtgtt

catcatcaag
cgttgetgee
cacctcecatt
cggtaactce
gatcgacgac
gggcttcgece
gattgtcgac
agaggacgtt

tgcecgatte

600

660

720

780

840

9200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1578
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tacaagtggt
gtttteggte
gacatcctceg
cagtgcatcg
attetgecgag
taccgagtet
ggtaacggcet
cgagagctce
ggttccggtce
gagactgtecg
cacgccgaga
tgcaacctge
gctectegttg
ctcgectcete
ctgetegagg
ggtgttgete
gagactcgaa
cacaagggtg
tgttectcetg
gtcceccatca
gagecgacteg
tgcecgaaace
ggtgctcteg
cagcacaaga
ctctacgtct
attgecccagg
cagacctecg
<210> 30

<211> 1446
<212> DNA
<213>

<220>
<223>

tcaccgaggg
tgggcaaccg
tcgagcaggg
aggacgactt
aggaaggtga
ccatcecacga
acaccgtcett
acacccccga
tgacctacga
acgaggctct
aagaggacgg
gaaccgctcect
ctctggecege
ccgectggceaa
tecatggeega
cccgactceca
tccacgttac
tectgcectcecac
ctcccatcectt
tcatgattgg
cecctegtega
gacgaatgga
ccgagetcete
tgatggacaa
gcggtgacge
agcagggcte

gccgataccet

EP 3 988 653 A2

taacgaccga
acagtacgag
tgececcagega
cactgecctgg
caccgecegtt
ctecgaggat
tgacgceccag
gtccgaccga
gactggtgac
gecgactecte
tactccecate
gacccgatac
ccacgcctece
ggacgagtac
gtteceecctee
gececeecgatte
ctgtgetcetg
ctggatgaag
tgtececgacag
cceccggtace
gtceggtgte
cttcatctac
cgttgectte
ggecctecgac
caagggtatg

catggactcece

ccgagatgte

Artificial sequence

ggcgagtgge
cacttcaaca
ctecgtecagg
cgagaggctce
gccaccecct
gccaagttea
cacccctaca
tettgtatcee
cacgttggtg
gacatgtcece
tettettete
gectgectee
gaccccacceg
tccaagtggg
gccaagccce
tactcecatcet
gtctacgaga
aacgecgtte
tccaacttca
ggecctegeece
gagcteggee
gaagaggagc
tececcgagagg
atctggaaca
gcccgagatg
accaaggccg

tgg

48

tcaagaacct
aggttgccaa
teggectegg
tgtggececcga
acaccgecge
acgacatcaa
aggccaacgt
acctcgagtt
tecectetgtga
ccgacactta
tgeceececetee
tectettetee
aggctgagcg
ttgtcgagtce
cteteggtgt
cctettecee
agatgcccac
cctacgagaa
agctccecte
ccttecgagg
ccteecgtect
teccagegatt
gtecccaccaa
tgatctcecceca

tccaccgate

agggtttcgt

UGT1 optimized for expression in Y. lipolitica

caagtacggt
ggttgtcgac
tgatgatgac
gctcgacacce
cgtectegag
catggccaac
cgcegtcaag
tgacattgcet
caacctgtce
cttetetetg
cttecctece
caagaagtct
actcaagcac
ccagcgatct
tttettegee
caagatcgce
cggccgaate
gtccgagaac
cgactccaag
cttectgeag
cttetttgge
cgtecgagtcee
ggagtacgte
gggcgectac
tctgecacacce

caagaaccte

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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1860

1920

1980

2040

2100
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<400> 30
atggacgcca

cagtcceccaca
atcacctttg
tgtectggacyg
cccgaggect
gaccgattca
ggttteetgt
tactggacte
aagggctttg
attgactggg
accgacctca
gttteccace
tetetgegat
ccecgaggaga
gagcccgagt
tttggctcca
aactccaacc
gttetgecte
tececcaggaga
ggctccacca
gaccagctca
accaaggtca
cacaagatge
aacggctcett
aactaa
<210> 31
<211> 1419
<212> DNA
<213>

<220>
<223>

<400> 31

tggccaccac
tcaaggccecat
tcaacaccga
gtgcteceecgg
ccatccccat
ttgatctegt
cegtttteac
tggctgectg
ctcctcetcaa
tcceecggtat
acgacaaggt
acatcttceca
acaaccacat
agaagcagac
gctteccagtg
ccaccgtcat
actacttcct
ccgagcetcega
aggttctcaa
ttgagtctet
ccaactgccg
agcgagatga
gaaacaaggce

cttectetcecaa

EP 3 988 653 A2

cgagaagaag
gctcaagete
cttecatccac
tttececgattt
ccgagagtet
caccaagctce
cattgatget
tggttteatg
ggacgecctcee
ggagggtatc
tctecatgtte
caccttegac
ctacaccatt
cggtatcacce
gctccagtcece
gtctctegag
gtggatcatc
ggagcacatc
gcacccctee
gtecegetggt
atacatctgc
ggtcaagcga
caaggactgg

cattgacaag

Artificial sequence

cceccacgtcea
gcecagetee
aaccagttce
gagactatce
ctgecteecgat
ccecgatecte
gccaagaage
ggtttctace
tacctcacca
cgactcaagg
accaccgagg
gagctegage
ggcccecctee
tectetgecacyg
aaggagccca
gacatgaccg
cgatccaacc
aagaagecgag
gteggtggtt
gtcececatga
aaggagtggg
ctegteccagg
aaggagaagg

atggtcaagg

tcttecatece
teccaccacaa
tcgagtecte
ccgatggtgt
ccattgagac
ccacctgtat
teggtatecee
acatccactce
acggttacct
acttceccccet
ctecececcageg
cctceecatecat
agcteccteet
gctactcectet
actccgttgt
agtttggctg
tegtcattgg
gcttecattge
tecectgaccecea
tetgetggee
aggttggtct
agctcatggg
ccecgaattge

agatcactgt

cttececgee
gggecctcecag
cggcccccac
ctccecactee
taacttccte
catcteccgac
cgtecatgatg
tectgategag
cgacaccgte
cgactggtce
atcccacaag
caagactctg
cgaccagate
cgtcaaggaa
ctacgtcaac
gggtctggee
cgagaacgcce
ctettggtge
ctgeggetgg
ctactectgg
ggagatgggt
cgagggtggt
cattgeceece

tctegetega

UGT2 variant optimized for expression in ¥. lipolitica

atggccacct ccgactccat tgttgacgac cgaaagaagce tccacattgt catgttecce

49
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tggctcegect
ggccacaagg
tctececctea
gccgaggeca
ggcctccage
gactacaccce
tteteegtea
aacggttceg
ttcecccacca
cccggtatcet
tccaagacct
gtcececgtea
tettgggttt
gcteteggtt
gagctgtceceg
gactcecgtceg
acctecttggg
cactgecggtt
cccatctteg
gagatccccece
cgactcgtceca
aagctctttg
cagaagcacce
<210> 32

<211> 1383
<212> DNA
<213>

<220>
<223>

<400> 32

ttggeccacat
tttecettect
tcaactttgt
ccactgatgt
ccgaggtcac
actactgget
ccaccccectg
actaccgaac
ccgtetgetg
ccgacggtta
accacgagtt
teccecgttgg
ccatcaagga
ccgaggttet
gtctgeccett
agcttececga
ctececaget
ccggetceccat
gtgaccagcece
gaaacgagga
tggtcgagga
gcgacaagga

gacgagctgt

EP 3 988 653 A2

catcccctat
ctcecaccace
caagctcacce
ccaccccgag
tgagttececte
ccecgagatt
ggccattget
cgagcttgag
gcgaaagcac
ccgaatggge
cggtactcag
tctgetecct
gtggctcgac
cgtcacccag
cttectgggee
tggtttegte
ccgaatccete
tgtegaggge
cctcaacgee
agatggttct
agagggtaag
ccteccaggac

tgececattgac

Artificial sequence

ctcgagettt
aagaacattg
ctceceeccgag
gatatcccct
gagcagcact
gccaagtcecte
tacatgggte
gacttcaccg
gatctggcecce
ctegtecateca
tggctceccgac
ccctecatcee
ggccaggaga
gaagaggttg
taccgaaagce
gagcgagtcece
tecccacgagt
ctcatgttcg
cgacteccttg
ttcacececgag
atctaccgag
cagtacgtcecg

cacgaaage

ccaagctcat
accgactcte
tccaggagcet
acctcaagaa
cteceecgactg
teggtgtcecte
ccactgecga
tececteccaa
gactcgtcce
agggctgcga
ttectegagga
ccggetcectga
agggctcegt
tcgagettge
ccaagggtcce
gagatcgagg
cegttgetgg
geccaccctet
aggacaagca
actectgttge
agaaggccaa

acgactttgt

UGT3 optimized for expression in Y. lipolitica

tgccecagaag
ctececcacate
gcccgaggac
ggcctecgac
gatcatctac
tegageccac
tgccatgatce
gtggttececcece
ctacaaggct
ctgtectgete
gctgecacecga
caaggacgac
tgtctacgtt
tcacggtectg
cgccaagtce
tctggtcectgg
tttecectcace
catcatgetce
ggtcggtatce
cgagtctetg
ggagatgtcce

cgagtaccte

atggececgage agcagaagat caagaagtcect cecccacgtte tgetcatece cttecetetg

cagggccaca tcaaccccectt catccagtte ggcaagecgac tcatctceccaa gggtgtcaag

accactctgg tcaccaccat ccacacccte aactccacte tcaaccacte caacaccace
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accacctcceca
gctggtgagt
atcaagaagce
gagtgggtte
gectgtgteg
ggcgagactg
ctccagaacc
aacattgacce
attgagtgga
tacctcgaca
caccacgagt
tttggctcecte
gactccgatg
aacctgtecg
gacgttctcg
ctcgaggcta
accaacgcca
aacggtattg
cgaggtgtca
cacgagggtg
taa

<210> 33
<211>

<212>
<213>

DNA
<220>
<223>

<400> 33
atggagaaca

cccttecagg
ttctccatca
ttcactttce
acccacggte

ctecgacgag

1377

tegagatcea
cttacctcga
tcecagtecga
tecgatgtege
tcaactetet
tetecgtece
acgagcagat
aggcccgatg
cccgaaagat
agcgactcga
gcatgaactg
tggtcaagca
tcaacttect
aggtcatcaa
cccacgagte
tctctcectegg
agctectega
tecgacgagg
tcatccgaaa

gctctteecga

agaccgagac
gccacatcaa
ccatcttcca
gattcatcct
ctetggetgg

agctcgaget

EP 3 988 653 A2

ggcecatetee gacggetgtg acgagggtgg

gactttcaag
gggtaccace
catcgagttt
ctactaccac
cggtttcecee
ccagtcccce
ggttttecace
ctggaaccte
tgacgacaag
gctcgacgac
cggccececgag
gtgggtcate
gaccggcaag
cgtecggetge
tgtccecegtt
tgagattcte
taacctgget
gaacgccgte

caacgacatt

Artificial sequence

tacegtecga
ccccattcetg
caccaacttc
cgacaacgac
tatgcgaate

geteatgete

caggtcggtt
attgacgeca
ggtattgacg
gteccacaagg
gttectgecage
tggtcccaga
aactecttet
aaggtcattg
gacaacggtt
aagcccaagg
caggttgagg
aagcacaagg
ggectcattg
tttgtcaccce
gttgccatge
ggtgtecggtg
tettgtatea

aagtggaagg

gtcgagtttg

cgacgacgac
cagctcgeca
aacaagccca
ccccaggacg
cccatcateca

gectecgaag

51

ccaagtctct
tcatctacga
gtggectceett
gtectgatcete
gatgggagac
tgctecttegg
acaagctcga
gececccaccecet
tcaacctcta
agtccgttgt
agatcacccg
aagagggtaa
ttgeectggtg
actgceggttt
cccagttctc
tececgagtcaa
agatgatcat
atctggccaa

tctecgaget

UGT4 optimized for expression in Y. lipolitica

gaatcattcet
acgttctgta
agacctccaa
agcgaatctce
acgagcacgg

aggacgagga

tttecatgtet
ggctgaccte
ctececatgace
cttcaccecag
tetgececte
tecctcetceatt
ccagttcgce
ggaagaggte
ccecteecatg
caaggccaac
ctacgttgce
agctctgatt
gctecceecgag
caagcagcte
caactccacc
cgaccagacc
ggctgacgag
ggaggaagag
ggttgctgte

catcaaggce

ctteececegte
ctccaaggge
ctacccccac
caacctgcee
tgectgacgag

agtcteccetgt
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ctgatcaccg
cgactcgtte
tttgacgage
ggttteccceca
aaggagatte
tecttcaagg
tetttectea
gaccgaaccg
ttcggetcecca
gactccaage
gttgagecccece
cagcaggaag
teccactceteg
cagcccectceca
ggctgggage
gagtacatce

ggtggttett

<210> 34
<211>
<212>
<213>

DNA
<220>
<223>

<400> 34
atggectactt

tggctegect
ggccacaagg
tectectetea
gccgaggeca
ggtectgcage
gactacacce

ttectecegtea

aacggtteccg

1419

atgectectgtg
tcatgaccte
tecggttacct
tgctcaaggt
tecggcaagat
agctcgagga
tececeecetgee
tetttecagtg
cctecgaggt
agtccttect
tgcecgatgg
ttctggececa
agtcecgtetg
acgcccgata
gaggtgagat
gacagaacgce

cttacgagte

ccgactceeat
ttggccacat
tttetttect
tcaacgttgt
ccaccgatgt
ccgaggtecac
actactgget
ccaccecectg

atggccgaac

EP 3 988 653 A2

gtactttgee
ctectetgtte
cgaccccgat
caaggacatc
gatcaagcag
gtecegagete
caagcacctce
gctecgaccag
cgacgagaag
gtgggttgte
tttecteggt
cggtgeccatt
cgagggtgte
catgtccgat
tgccaacgece
ccgagtcecte

tetegagtet

Artificial sequence

tgtegacgac
cattececctac
ctcecaccacc
ccagcectcace
ccacceccgag
cgagttccte
cccctecatt
ggccattgee

cacccecgag

cagtccgtceg
aacttccacg
gacaagacce
aagtccgect
accaaggcct
gagactgtca
accgettect
cagccccectt
gacttecctceg
cgacccgget
gagcgaggcee
ggtgecettcet
cccatgatct
gttectcaagg
atccgacgag
aagcagaagg

ctegtttect

cgaaagaage
ctecgagettt
aagaacattg
cteecececgag
gatatcccct
gagcagcact
gccaccaage
tacatgggce

gacttcactg

52

ccgactctet
cccacgttte
gactcgagga
actccaactg
ccteecggtgt
tececgagagat
cctettetet
ccteegtect
agattgctcecg
ttgtcaaggg
gaattgtcaa
ggacccactce
tectecgactt
tcggtgtcecta
tcatggtcga
ccgatgtete

acatctctte

teccacattgt
ccaagctcat
accgactcte
teccaggaget
acctcaagaa
ctecececgactg
acggtgtete
ccactgetga

tcecteccaa

caacctgecga
tectgecececag
gcaggcttce
gcagattcte
catctggaac
cececgetece
gctegaccac
ctacgtttece
aggcctcgtt
cteccacctgg
gtgggtccce
cggctggaac
tggectegac
cctegagaac
cgaggaaggt
tetcatgaag

tttgtaa

UGT2 variant optimized for expression in Y. lipolitica

catgttecece
tgceccagaag
ctececcacate
gececcgaggac
ggcctecgac
gatcatctac
tegageecac

cgccatgate

gtggttececee

420

480

540

600

660

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1377

60

120

180

240

300

360

420

480

540



10

15

20

25

30

35

40

45

50

55

tteecccacca
cccggtatcet
teccaagacct
aagcccgtceca
tettgggttt
gectecteggtt
gagctgtceg
gactccgteg
acctecttggg
cactgeggtt
cccatctteg
gagatccccece
cgactcgtceca
aagctgttceg

cagaagcacc

Claims

A recombinant host capable of producing glycosylated diterpene comprising a recombinant nucleic acid sequence

aggtctgetg
ccgacggcta
accacgagtt
tececegtegg
ccatcaagga
ccgaggttct
gcctecectt
agcttcececga
cteceeccaget
cecggcetcececat
gtgaccagcecce
gaaacgaaga
tggtcgagga
gtgacaagga

gacgagctgt

EP 3 988 653 A2

gcgaaagcac
ccgaatgggt
tggcacccag
tetgeteect
gtggctecgac
cgtcacccag
cgtetggget
tggtttegte
ccgaatceccte
cgtcgagggt
cctcaacgece
ggacggttce
agagggtaag
tectecaggac

tgeccattgac

encoding a polypeptide comprising:

a. the amino acid sequence set forth in SEQ ID NO: 4 or an amino acid sequence having at least about 30%

sequence identity thereto;

b. the amino acid sequence set forth in SEQ ID NO: 2 or an amino acid sequence having at least about 30%

sequence identity thereto;

c. the amino acid sequence set forth in SEQ ID NO: 3 or an amino acid sequence having at least about 30%

sequence identity thereto; or

d. the amino acid sequence set forth in SEQ ID NO: 1 or an amino acid sequence having at least about 30%

sequence identity thereto.

Arecombinant host according to claim 1 which comprises one or more recombinant nucleotide sequence(s) encoding:

gatctggece
ctggtcatca
tggctcececgac
ccctecatcee
ggccaggaga
gacgaggttg
taccgaaacc
gagcgagtcc
tececcacgagt
ctgatgtteg
cgactccttg
ttecaccecgag
atctaccgag
cagtacgtcg

cacgagtct

gactegttee
agggctgcga
tecctegagac
cecggetecga
agggctctgt
ttgagctgge
ccaagggtcce
gagatcgagg
ccgtetgtgg
gccaccccect
aggacaagca
actctgttge
agaaggccaa

acgactttgt

a polypeptide having ent-copalyl pyrophosphate synthase activity;
a polypeptide having ent-Kaurene synthase activity;
a polypeptide having ent-Kaurene oxidase activity; and

a polypeptide having kaurenoic acid 13-hydroxylase activity.

A recombinant host according to any one of the preceding claims, which comprises a recombinant nucleic acid

ctacaaggcce
ctgtetgete
tectecacecga
caaggacgac
tgtctacgtt
ccacggtctg
cgccaagtcee
tectggtetgg
tttectceace
catcatgcte
ggtcggtate
tgagtctcte
ggagatgtce

cgagtaccte

sequence encoding a polypeptide having NADPH-cytochrome p450 reductase activity.

A recombinant host according to any one of the preceding claims which comprises a recombinant nucleic acid

sequence encoding one or more of:

(i) a polypeptide having UGT74G1 activity (UGT3 activity);
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10.

1.

12.

13.

14.
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(i) a polypeptide having UGT85C2 activity (UGT1 activity); and
(iii) a polypeptide having UGT76G1 activity (UGT4 activity).

A recombinant host according to any one of the preceding claims which comprises a recombinant nucleic acid
sequence encoding an additional polypeptide having UGT2 activity.

A recombinant host according to any one of the preceding claims, wherein the host belongs to one of the genera
Saccharomyces, Aspergillus, Pichia, Kluyveromyces, Candida, Hansenula, Humicola, Issatchenkia, Trichosporon,
Brettanomyces, Pachysolen, Yarrowia, Yamadazyma or Escherichia.

A recombinant host according to claim 6, wherein the recombinant host is a Saccharomyces cerevisiae cell, a
Yarrowia lipolytica cell, a Candida krusei cell, an Issatchenkia orientalis or an Escherichia coli cell.

A recombinant host according to any one of the preceding claims, wherein the ability of the host to produce geran-
ylgeranyl diphosphate (GGPP) is upregulated.

A recombinant host according to any one of the preceding claims, comprising one or more recombinant nucleic acid
sequence(s) encoding hydroxymethylglutaryl-CoA reductase, farnesyl-pyrophosphate synthetase and geranylger-
anyl diphosphate synthase.

Arecombinant host according to any one of the preceding claims which comprises a nucleic acid sequence encoding
one or more of:

a polypeptide having hydroxymethylglutaryl-CoA reductase activity;
a polypeptide having farnesyl-pyrophosphate synthetase activity;
a polypeptide having geranylgeranyl diphosphate synthase activity.

A process for the preparation of a glycosylated diterpene which comprises fermenting a recombinant host according
to any one of claims 2 to 10 in a suitable fermentation medium, and optionally recovering the glycosylated diterpene.

A method for converting afirst glycosylated diterpene into a second glycosylated diterpene, which method comprises:

- contacting said first glycosylated diterpene with a recombinant host according to any one of claims 1 to 10, a
cell free extract derived from such a recombinant host or an enzyme preparation derived from either thereof;
- thereby to convert the first glycosylated diterpene into the second glycosylated diterpene.

A method according to claim 12, wherein the second glycosylated diterpene is: steviol-19-diside, steviolbioside,
stevioside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-p-D-glucopyranosyl es-
ter, Reb E or Reb D.

Amethod according to claim 13, wherein the first glycosylated diterpene is steviol-13-monoside, steviol-19-monoside,
rubusoside, stevioside, Rebaudioside A or 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B3-D-glucop-
yranosyl-B-D-glucopyranosyl ester and the second glycosylated diterpene is steviol-19-diside, steviolbioside, ste-
vioside, 13-[(B-D-Glucopyranosyl)oxy)kaur-16-en-18-oic acid 2-O-B-D-glucopyranosyl-p-D-glucopyranosyl ester,
Reb E or Reb D.
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